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LIQUID WASTE DISCHARGE—*| | CONVEYOR 


Cut sludge coagulation costs with automatically paced 


@ ROTODIP precision feeder. 


SAVE CHEMICALS: The accurate ROTODIP liquid feeder prevents 
overdoses or underdoses of ferric chloride .. . maintains maximum 
filter process efficiency by continuously feeding exact dosage 
required for proper filter cake formation. 

ROTODIP PERFORMANCE 
Accuracy... within +1% of calibrated rate 
Capacity ... maximum rates up to 1800 gph 
Feed range ...up to 100 to 1 
Long-life . . . corrosion-resistant materials 
Maintenance-free . . . simplicity of design 

REQUEST BULLETIN 65-H12B for complete data on this durable, low- 

maintenance ROTODIP feeder. Complete line of B-I-F 
chemical pumps available for lower rate applications. 


Write B-I-F Industries, Inc. Utilities Sales, 
368 Harris Avenue, Providence 1, R. I. 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 
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SEWAGE AND INDUSTRIAL WASTES 


RATEDAERATION RANKS NO. 1 


Standardized 
Balanced Equipment 


© “Chicago” 
78 COMMINUTOR* 
Comminuting Machine 


For continuous, automatic 
screening and cutting of 
coarse sewage matter. Odors, 
flies, unsightliness and clog- 
ging of piping and mechani- 
cal equipment are eliminated. 
Over 4000 installations, 


structed p p 
blower furnished as main source. 


© Froth Spray System 


An extra added feature. Reduces 
maintenance to a minimum cost. 
Plant effluent is reused to prevent 
aeration tank froth. 


© Final Sludge Collector 


Provides a positive collection of set 
tled sludge for efficient and com- 
plete removal. 


© 1959—CPCo-FMC 


FOR SMALL UNIT 
SEWAGE TREATMENT 


* Trademark 


Odor free, nuisance free, low cost sewage tr is only obtainable with 
RATEDAERATION* Small Unit Sewage Treatment Process Equipment for 20 
to 5000 people. These plants answer the sewage treatment needs of sub- 
divisions, schools, churches, industry, municipalities, hospitals, country 
clubs, convents, shopping centers, motels, hotels, dairies, trailer courts, air- 
ports, camps, military installations, resorts, etc. 


Only RATEDAERATION* plants feature “Chicago” Standardized Balanced 
Equipment... proved highly successful in thousands of large municipal 
sewage treatment installations throughout the world. The use of Standard- 
ized Balanced Equipment holds production costs to a minimum and stocks 
are maintained for prompt delivery. 


More than 450 RATEDAERATION® installations 
Ask your neorby Chicago Pump Compony 
Distributor for full details todey! oe 


Putting Ideas to Work 


t//] FOOD MACHINERY AND CHEMICAL CORPORATION 


FOOD MACHINGRY 
AND CHEMICAL 


Chicago Pump Company 


~ se aed 622E DIVERSEY PARKWAY + CHICAGO 14, ILLINOIS 


Hy 
ae 0 
ance without the need for costly 
SWING DIFFUSER* Aeration 
eas Equipment is the heart of the es 
purification power... unequalled 
San performance. More than 10,000 
units in operation. 
fee © Air Lift Assembly 
Provides positive sludge retum 
without adding power pumping 
unit by utilizing ruggedly con- 
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SEWAGE AND INDUSTRIAL WASTES 


South Bend Sewage Treatment Plant located on the St. Joseph River. The four PFT Floating 


Covers can be seen in the background. 


South Bend restores beauty and 
recreational facilities to the St. Joseph River 


This new South Bend Sewage Treatment 
Plant has solved a long-time health hazard 
for South Bend and all the communities 
to the north on the St. Joseph River. The 
river is now being restored to its natural 
cleanliness and beauty. 

PFT equipment plays a big part in this 
sewage treatment and reclamation proj- 
ect. Each of the four 110’ digesters is 
equipped with PFT Floating Covers. 
Heat for the digesters is supplied by the 
two No. 750 Heaters and Heat Ex- 
changers and two PFT No. 429-E Special 
Drum Type Heat Exchanger Units. 

These Special Drum Type Heat Ex- 
changer Units are so arranged that the 
Jacket Water heat is transferred to the 


PORT CHESTER, N- Y. @ SAN MATEO, CALIF. @ 


digesters and excess heat may also be 
dissipated to effluent circulated through 
the drum shell. The South Bend Plant 
also makes use of the PFT-Kraus Process 
of Activated Sludge Control. 


Consoer, Townsend and 
Associates, Chicago, 
Consulting Engineers 


Designed 


waste treat t equip 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


CHARLOTTE, N.C. @ JACKSONVILLE @ DENVER 
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SEWAGE AND INDUSTRIAL WASTES 


At the modern 
sewage treatment plants 
in these cities 


C-E RAYMOND 


is the choice for sludge disposal 


223a 


* 


Here are some reasons why the C-E Raymond Flash Drying and Incineration 
System has been selected by treatment plants throughout the country... 


Flexible — It reduces filter cake to non-lumpy 
particles of uniform low moisture content 
without scorching...a product very suitable 
for use as soil conditioner . . . or if sludge 
characteristics render it unfit for this use, 
quickly incinerates it to a sterile ash. It is 
available with high temperature deodoriza- 
tion and fly ash collection. 

Efficient — It assures built-in plus-perform- 
ance for effective and controlled drying of 
filter cake with high thermal efficiency. This 
means less fuel cost penalty when incinerat- 
ing low heat-content sludges since design 
thermal efficiency can be consistently main- 
tained. 

Advanced — It incorporates small groups of 
arch bricks individually hung from steel 
supports rather than relying upon self-sup- 


porting refractory arches. This requires 
little maintenance, makes arch failure vir- 
tually impossible, and permits rapid start- 
ups ... less than 30 minutes for furnaces 
capable of burning in excess of 120 tons of 
filter cake daily. It has the most fully auto- 
matic controls for drying and furnace oper- 
ation of any system available. 

Proven — It is the most widely used method 
for heat disposal of sewage sludge. More 
filter cake is dried and/or incinerated in the 
C-E Raymond System than in all other sys- 
tems combined. 

For further details contact the Combustion 
Engineering office nearest you. Our engi- 
neers will be happy to discuss, with you or 
your consultants, how this system can bene- 
fit your community. 


Communities in the United States which have selected C-E Raymond for sewage sludge disposal 


Baltimore, Md. Duluth, Minn. Lynchburg, Va. Schenectady, N. Y. 
Battle Creek, Mich. Fond du Lac, Wisc. Miami, Fla. Sheboygan, Wisc. 
Bethlehem, Pa. Galveston, Texas Neenah-Menasha, Wisc. Springfield, Mass. 
Bloomsburg, Pa. Harrisburg, Pa. New Albany, Ind. Warren, Mich. 

Buffalo, N. Y. Houston, Texas New Rochelle, N. Y. Washington, D. C. 
Camden, N. J. Jefferson Co., Ala. Omaha, Neb. Waterbury, Conn. 
Chicago, Ill. Lansing, Mich. Petersburg, Va. Wyomissing Valley, Pa. 
Coral Gables, Fla. Los Angeles, Calif. Pittsburgh, Pa. York, Pa. 

Cuyahoga Falls, Ohio Louisville, Ky. San Francisco, Calif. 


COMBUSTION ENGINEERING ay 


RAYMOND DIVISION 1132 West Blackhawk Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Calif. 
Canada: Combustion Engi ing-Superh Ltd. 
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Dr. A. E. Berry, Sec.-Treas., Administrative Of- 
fice, 72 Grenville St., Toronto, Ont., Canada 


Centra) States Sewage and Industrial Wastes 
Assn. 
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Federal Sewage Research Assn. 
Hortye, Sec.-Treas., Public Health Service, 
Rm. 4123, South HEW Bldg.. Washington 25, 
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neering 


Box 3598, 


c/o State Dept. of 


Florida Sewage and Industrial 
ARTHUR R. Finney, Jr., Sec 
117th Ave., Miami 55, Fla 


Georgia Water and Sewage Assn.* 
A Storey, Sec.-Treas., 1210 Hemphill Ave., 
N.W., Atlanta, Ga 


(Germany) 


Wastes Asen. 
-Treas., 4801 S. W 


Abwassertechnische Vereinigung 


Otto Patiascn, Sec.-Treas., Theaterstrasse 24, 
Bonn, Germany 

Indiana Sewage and Industrial Wastes Assn. 
Frank DD. Wratcut, Sec.-Treas., St. Dept. of 


Hith., 13 W. Mic Indianapolis 7, Ind. 
Institute of Sewage Puritication 
W A. Snook, Sec., 10, Cromwell Place, South 
Kensington, London, S. W. 7, England 
Institution of Public Health Engineers 
Batsom, Sec., 39 Portman 
England 


higan St., 


Square, 
London W. 1 
lowa Sewage and Industrial Wastes Asen. 
L Sxorczeskt, Sec.-Treas., 207 South 15th 
Ave., Marshalltown 
Israel Assn. of Sewage Engineers 
Eviezer Sec., c/o Technion, Israel Inst. 
{ Tech., P. O. Box 4910, Haifa, Israel 
Kansas Sewage and Industrial Wastes Assn. 
James F. Arken, Sec.-Treas., 1900 East 9th St., 
Wichita, Kans 


Iowa 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 


Loulsiana Conference on Water Supply and 
Sewerage * 

Georce H. West, Se 

Dept 


-Treas., 

Lake Charles, La 

Maryland-Delaware Water and Sewage Asen.* 
W. M. Bincrey, Sec.-Treas., 2411 N. Charles St., 
Baltimore 18, Md 


Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 331, Admin. Bldg., Lansing 4, Mich 


Sewage and Industrial Wastes 


O. Box 15, Water 


Mississipp!l 
Assn. 
New G. McMaunon, Sec.-Treas., 


Mississippi State 
Board of Health, Jackson, Miss 


* Sewage and Industrial Wastes Section. 
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ASSOCIATIONS 


Missourl Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas., Mo. Water & Sew- 


erage Conf., 400 St. Off. Bldg., Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 

A. W. Crarkson, Sec.-Treas., Div. of Environ. 

Sanit., State Board of Health, Helena, Mont 


Nebraska Sewage and Industrial Wastes Assn. 
V. J. Lecutenserc, Sec.-Treas., 2549 Farnam St., 
Omaha 31, Nebr. 


New England Sewage and Industrial Wastes 
Asan. 
Eart R. Howarp, Sec 


-Treas., Bureau of Public 


Works, 115 Broad St., Hartford, Conn. 
New Jersey Sewage and Industrial Wastes 
Assn. 
AntTHOoNyY T. Leaney, Sec.-Treas., P. O. Box 32, 


West Trenton, N 


New York Sewage and Industrial Wastes Assen. 


Ratpw C. Sweeney, Sec., c/o State Dept. of 
Health, 55 Church St., White Plains, N. Y. 
New Zealand Sewage and Industrial Wastes 
Assn. 
Ronatp Hicks, Sec., Auckland Metrop. Drain. 


C. P.O. Box 306, 
Zealand 


North Carolina Sewage and Industrial Waste 
Asen. 
D. Y. Brannock, Sec 
1703 Woodland Ave., 
Ohio Sewage and Industrial Wastes Treatment 
Conf. 
Warp E. Conran, Sec.-7reas., Div. of San. Engr., 
Dept. of Hith., 101 N. High St., Columbus 15, O 
Oklahoma Water, Sewage and Industrial Wastes 
Conf.’ 


Auckland C. 1, New 


-Treas., Utilities Director, 
Burlington, N. C 


H. M. Crane, Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla 

Pacific Northwest Sewage and _ Industrial 

Wastes Assn. 

Gitpert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 

Pennsylvania Sewage and Industrial Wastes 
ssn. 
J. R. Harvey, Sec.-Treas., c/o Pennsylvania Dept. 


of Health, 996 So Meadville, Pa 


Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P 


Rocky Mountain Sewage and Industrial Wastes 
Agsn. 


Main St., 


Verne E. Pratu, Sec.-Treas., P. O. Box 149, 
Englewood, Colo 
South Carolina Water and Sewage Works 
Assn.* 
Ropert N. BOWEN, 417 Wade Hampton Bldg., 


Columbia, S. ¢ 


(Sweden) Fireningen Fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm §, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 

Prerre Sec., 
Switzerland 


Hegemmatt 28, Zurich, 


Texas Water and Sewage Works Asen.* 
Mrs. E. H. Goopwin, Asst. Sec.-Treas., 2202 
Indian Trail, Austin, Tex 


Utah Sewage and Industrial Wastes Assen. 
Howarp Hurst, Sec.-Treas., 479 Harvard Ave., 
Salt Lake City 11, Utah 


Virginia Industrial Wastes and Sewage Works 
Assn. 
Orvat J. Hann, Sec.-Treas., 
Hopewell, Va 


Hercules Powder Co., 


West Virginia Sewage and Industrial Wastes 


Assn. 
Gien O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va 
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SIMPLEX PUTS ON THE SQUEEZE 


to give you accurate control 


over sludge flow 


You can forget control problems—even 
with heavy viscous fluids — with the 
Simplex Squeeze Type Sludge Con- 
troller. Key to the accurate control you 
get is the automatically operated rub- 
ber flex valve. 

And behind the operation of this 
controller you'll find a Simplex Meter 
that gets its signals from flow through 
the venturi section of the tube. 

By an automatic system of solenoids, 
relays, gear mechanism and reversible 
motor, the rubber flex valve opens or 


closes to maintain flow at the level 


SIMPLEX 


VALVE 


which you have previously selected. 

You can set rate of flow between 
85% of maximum and 15% of mini- 
+3%. 
Controllers of this type are available 


mum with accuracy within 
for line sizes ranging from 3 to 12 
inches, to handle maximum flows of 
250,000 GPD to 6 million GPD. 
With you providing the facts on line 
size, type and nature of fluid, working 
pressures, and installation dimensions, 
well recommend the controller best 
suited to your needs. Or write for a 


detailed brochure, Dept. SI-69. 


AND METER COMPANY 


LANCASTER, 


PENNSYLVANIA 


A subsidiary of PFAUDLER PERMUTIT INC. 
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MEMBER ASSOCIATION MEETINGS 


dA ssoctation 


Alabama Water and Sewage Assn. 


Maryland-Delaware Water and Sewage Assn. 


New Industrial Wastes 


Assn. (Spring Meeting) 


York Sewage and 


Ohio Sewage and Industrial Wastes 


Treatment Conf. 


lowa Sewage and Industrial Wastes Assn. 


Institute of Sewage Purification 


Central States Sewage and Industrial 


Wastes Assn. 


Pennsylvania Sewage and Industrial 


Wastes Assn. 


South Dakota Water and Sewage 


Works Conf. 


Rocky Mountain Sewage and Industrial 
Wastes Assn. 


Georgia Water and Sewage Assn. 


Place 


University of Alabama 
University, Ala. 


Commander Hotel 
Ocean City, Md. 


Saranac Inn 
Upper Saranac Lake, 


Netherland Hilton 


Cincinnati, Ohio 


Roosevelt Hotel 
Cedar Rapids, Iowa 


Bournemouth, England 


Pick Nieollet Hotel 


Minneapolis, Minn. 


Pennsylvania State 
University 
University Park, Pa. 
Marvin Hughitt Hotel 
Huron, 8. Dak. 


Jucekson Lodge 


Jackson, Wyo. 


(ieorgia Inst. of 
Techno'ogy 


\tlinta, Ga. 


June 


June 3-5, 1959 
June 8-9, 1959 


June 


J une 


June 


June 


Aug. 


Sept. 


Sept. 


Sept. 


17-19, 1959 


23-26, 


1959 


24-26, 1959 


12-14, 1959 


8-10, 1959 


9-11, 1959 


THIRTY-SECOND ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
Host—Sewage and Industrial Wastes Section, 
Texas Water and Sewage Works Association 

Statler Hilton Hotel, Dallas, Texas 


Technical Meetings and Exhibits—Dallas Memorial Auditorium 
October 12-15, 1959 
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INFILCO RESEARCH and 
DEVELOPMENT DIVISION EXPANDED 


to give yen more PLUS VALUES than ever 


Recommendationsare Precision components 
based onanalysesand are thoroughly tested 
laboratory tests. and calibrated. 


Equipment is custom 
designed for your spe- 
cifie requirements. 


Continuous improvements in equipment 
and methods for 


«water softening and clarification 


« sewage treatment 


evaluable material recovery 
... these have been the objectives of 
INFILCO for many years. The Research 
and Development Division has been 
expanded to accelerate new developments 
in water and waste treatment — 
and to work with you and your engineer 
for the solution of specific problems. 


A.A. Kalinske, Vice 
President in charge of 
Research and Develop- 
ment. 


INFILCO INC. 
General Offices 
Tucson, Arizona 


Field offices throughout 
the United States 
and other countries 
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SEWAGE AND INDUSTRIAL WASTES 


GROWING WATER PROBLEM! 


Urges local support for better water systems 


Cast Iron Pipe Research Association 
offers local plan-of-action booklet 


Here’s help for you and everyone else 
directly concerned with the supply, 
treatment and distribution of water 
help that will acquaint the people in 
your town with the vital importance of 
this growing problem. 

On the opposite page you see the sec- 
ond in a series of advertisements, this 
one appearing in April Reader’s Digest. 
Placed by the Cast Iron Pipe Research 
Association, these striking advertise- 
ments point out to Mr. and Mrs. Amer- 
ica how much we depend on a good water 
system and why we can no longer take 
it for granted. 

Similar advertising will appear regu- 
larly in U. S. News & World Report, 
Nation’s Business, Better Homes & Gar- 
dens, American Home and Sunset maga- 
zines to carry this public service mes- 
sage to millions of civic leaders and 
homeowners. 


Free Local How-to-Help Booklet 


These ads offer a free booklet telling 
about the water problem. It shows how 
responsible citizens can acquaint them- 


selves with the needs of their commu- 
nity. It also gives a step-by-step out- 
line of action, telling how they can help 
their officials extend and improve the 
local water system through more ade- 
quate rate structures or financing. 

Let us send you a free copy of this 
new booklet. Write to Thos. F. Wolfe, 
Managing Director, Cast 
Iron Pipe Research Associa- WATER) 
tion, 3440 Prudential Plaza, / 
Chicago 1, Ill. 


Three reasons why cast iron pipe is 
America's greatest water carrier: 


1. More miles of underground cast iron 
water mains are now in use than of all 
other kinds of pipe combined. 

2. More miles of cast iron water mains 
are now being purchased and laid than 
of any other kind of pipe. 

3. Impartial surveys prove that today's 
consulting engineers and water utility 
officials prefer cast iron pipe for under- 
ground water distribution by an over- 
whelming majority. 


CAST IRON PIPE 
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Oh, what Will you do Without water ? 
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Rex Primary Sludge Collectors at the Racine, Wis., sewage disposal plant. Rex Equipment at this plant 
includes longitudinal and cross collectors... grit collectors and washers...bar screens and triturators. 


181,800 hours of continuous Operation... 
with original equipment 


181,800 hours of continuous operation...almost 
21 years of service 365 days a year, 24 hours a 
day...that’s the record Rex Conveyor Sludge 
Collectors have established at the Racine, Wis- 
consin, sewage treatment plant. Here’s definite 
proof of the design and manufacturing superior- 
ity of Rex Equipment. Rex Z-Metal Chains, Tem- 
perim sprockets, case-hardened centralized wear- 
ing shoes, accurately made redwood flights and 
self-aligning underwater bearings, plus balanced 
strength, flexible design and the other Rex “‘ex- 
tras,” put extra life into Racine’s Rex Conveyor 
Sludge Collectors... both longitudinal and cross 
collectors. 

If you're interested in record service like 
Racine’s why not investigate Rex Waste Treat- 
ment Equipment. In the broad Rex line, there’s 
exactly the right choice for you...from screening 
to clarification. For all the facts, write CHAIN 
Belt Company, 4606 West Greenfield Avenue, 
Milwaukee 1, Wisconsin. 


Thomas T. Hay, superintendent 
of Racine Sewage Treatment 
Plant since 1941. His careful 
operation and maintenance 
practices have been a major 
factor in this record perform- 
ance. Consulting Engineers: 
Alvord, Burdick & Howson, 
Chicago, Illinois. 


CHAIN BELT COMPANY 
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SEWAGE AND INDUSTRIAL WASTES 


Weir plates of Everdur control water 
flow in Toronto's new Humber plant 


These corrosion-resistant Everdur weir plates wil! handle SO million gallons of water every day at the 
new Humber sewage treatment plant. 


EVERDUR RESISTS CORROSION. Installations of 
Everdur sewage-treatment and waterworks 
equipment in the United States have been 
in service without replacement for 30 
years and longer. 


EVERDUR IS TOUGH. Everdur, Anaconda’s group 
of copper-silicon alloys, also possesses high 
physical strength and resistance to wear and 
abrasion—so that wrought equipment can be 
designed with lighter weight. 


EVERDUR IS READILY FABRICATED. Everdur alloys 
are available for hot or cold working, welding, 
free machining, forging and casting—and can 
be supplied in plates, sheets, rods, bars, wire, 
tubes, electrical conduit, and casting ingots. 
WRITE FOR PUBLICATION E-11—Oor for assistance 
from the Technical Department in selecting 
the correct material for your equipment. 
Address: The American Brass Company, 
Easy fabrication. Everdur weir plates are being Waterbury 20, Conn. In Canada: Anaconda 
joined by arc welding prior to installation. American Brass Lid., New Toronto, Ont. 5 


EVERDUR Anaconda’s Family of Copper-Silicon Alloys 
MADE BY THE AMERICAN BRASS COMPANY 


STRONG +» WELDABLE WORKABLE CORROSION-RESISTANT 
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SEWAGE AND INDUSTRIAL WASTES 


BASIC... 
* va 


THE BUCKET BRIGADE of earlier days was 
willing but ineffective. Once started, a blaze 
usually raged to complete destruction. 


MODERN FIRE FIGHTING APPARATUS, fed by 
a dependable water system of cast iron 
pipe, uses high pressure to place water 
where needed. Losses are minimized 


FOR WATER, SEWERAGE AND 
U. 8S. PIPE AND FOUNDRY COMPANY 


; — = - 
4 as 
were 


SEWAGE AND INDUSTRIAL WASTES 


but better than ever today ! 


Top quality of U. S. Pipe assured by rigid 
mine-to-main supervision 


Cast iron pipe may look alike. 


But there's a difference...an important difference to the men 
charged with keeping our water running smoothly — 
the nation’s water officials. 


This is the care and precision with which pipe is made. U. S. Pipe, 
for example, controls every production step. From mining 

iron ore, through the blast furnace to final casting, all U. S. Pipe 
is continuously checked for quality. 


Result? Even greater life and dependability for the U. S. Pipe 
that carries so much of America’s water. 


COAL is discharged mechanically NEWLY CAST 24-inch pipe 18 feet EACH LENGTH of U.S. cast iron pipe is 
into mine cars for transportation to long just d from tugal tested hyd lly to a 
the surface. casting machine. of 500 psi on the production line. 


® 
INDUSTRIAL SERVice 


Birmingham 2, Ala. A wholly integrated producer from mines and blast furnaces to finished pipe. 
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SEWAGE AND INDUSTRIAL WASTES 


PERMUTIT’ 
VACUUM 
DEGASIFIER 


DEGASIFIED 
EFFLUENT TO 
SEPARATOR 


FLUIDICS AT WORK 


RECOVERED 
DIGESTER GAS 
TO HEATER AS FUEL 


PACKING HOUSE 
WASTES 

FROM 

DIGESTER 


How Wilson & Company gets 
faster waste treatment and lowers fuel costs 


When you can expand a process with a 
piece of equipment that saves you money 
every day, you're fast on the road to 
real economy. 

Wilson & Company accomplished this 
with the anaerobic digestion process 
they use for treating liquid packing 
house wastes. 

They put a Permutit vacuum degasi- 
fier between the digester and the sep- 
arator and promptly cut cost two ways: 
More capacity. Separator detention time 
is much shorter now, because solids 
settle completely and rapidly in the de- 
gasified liquid. Without gas bubbles, 
flotation is practically eliminated. 
Lower fuel costs. The degasifier reclaims 


combustible methane gas produced by 
bacteria in the digester. This methane 
(containing a little COz and HeS) is 
then used as fuel for heating waste in 
the digester. 

Smart answers like this are easy to 
come by when you take advantage of 
Permutit’s engineering experience with 
all major types of solids-separation 
equipment, including precipitation and 
flotation units, centrifuges, filters, evap- 
orators, and degasifiers. 

When you need help or information 
on such problems, write to our Per- 
mutit Division, Dept. SI-69, 50 West 
44th Street, New York 36, N. Y.... 
or Permutit Company of Canada, Ltd., 
Toronto 1, Ontario. 


PFAUDLER PERMUTIT INC. 
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SEWAGE AND INDUSTRIAL WASTES 


Wedge-Lock 


HANDLES INFILTRATION! 


ROOT-TIGHT SEAL! 


Patented Wedge-Lock Joints are 
bonded to Vitrified Clay Pipe—at 
the factory—to bring you the highest 
performance standards. . . the low- 
est installation costs. 

One simple, easy operation and 
the joint’s tightly sealed around the 
full pipe circumference . .. stays in 


MINIMUM INFILTRATION! 


continuous compression for the life 
of the pipe. 

When you specify Wedge-Lock, 
you reduce infiltration and resist root 
problems before they start . . . keep 
installation costs down . . . benefit 
from the guaranteed performance of 
the world’s longest-lasting pipe. 


Write to listed manufacturers for literature or an actual Wedge-Lock demonstration 


Wedge-Lock ciay pipe 


THE FACTORY-JOINTED CLAY PIPE AVAILABLE NATIONALLY FROM LOCAL MANUFACTURERS 


Order Wedge-Lock from any of these Vitrified Clay Pipe Manufacturers: 


Cannelton Sewer Pipe Company 


Cannelton, Ind. 


The Clay City Pipe Company 


Uhrichsville, Ohio 


The Evans Pipe Company Uhrichsville, Ohio 


Graff-Kittanning Clay Products 


Worthington, Pa. 


Larson Clay Pipe Company Detroit, Mich. 
The Logan Clay Products Company 
Logan, Ohio 


The Robinson Clay Product Company 
Akron, Ohio 


The Stillwater Clay Products Company 
Cleveland, Ohio 


Superior Clay Corporation, Uhrichsville, Ohio wie-180+00-8 
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Dramatic new method 
locates trouble! 

No guess work! 

No costly tearing 

up sewer lines! 


The time-honored, and most ex- 
pensive, method of repair is to 
calculate through weirs at strate- 
gic locations the general area of 
infiltration; then, to excavate and i 
repair. 


Rapid technological advances, ; 
employing the use of high pres- 
sure grouting and jetting systems, 
have relegated older methods 
into the limbo of antiquity. 


Foremost in the technology of # 

sewer repair is the utilization of 

closed circuit TV, making imme- 

diate and positive visual observa- Remote monitor permits on the scene observation. 

tion of repair possible. The infiltration or exfiltration points are exactly lo- 
P P cated by pulling the TV camera through the main 


: until damaged point appears on TV monitor. 
Right: T.V. camera about to be inserted 


in sewer line. 


Extreme Right: With source of infiltra- 
tion pin pointed by T.V., pipes are 
jetted to position through water pres- 
sure and compressed air, one on each 
side and another just above the main. 


WRITE or PHONE 
for further information and 
illustrated brochure 
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SEWAGE AND INDUSTRIAL WASTES 


Another Eimco-Process design innovation .. . 


Internal sludge 
recirculators, Non-Clog 
Diffusers and a sludge 
thickening deflector are 
exclusive features of the 
Type CA Oxidator. 


EIMCO-PROCESS OXIDATOR®—WITH CONTROLLED INTERNAL 


SLUDGE RECIRCULATION—INCREASES SOLIDS AND BOD REMOVALS 


The complete line of 
Eimco-Process Oxidators, 
Clarifiers and other 
Sedimentation equipment 
is described in our new 
Bulletin SM-1005, We will 
be happy to send you a 


copy on request. 


THE EIMCO CORPORATION 


Salt Lake City, Utah 


Developed and introduced by Eimco- 
Process, and with a number of exclusive 
features, the Oxidator combines aera- 
tion, flocculation and sedimentation in a 
single circular tank. When aeration and 
flocculation of the solids are provided 
prior to clarification, many finely divid- 
ed and colloidal solids that could not be 
removed by conventional sedimentation 
are flocculated and collected with the 
sludge. The aeration keeps the influent 
fresh and, combined with controlled 
internal sludge recirculation, gives 
increased floccule size, minimizes scum 
formation, and gives increased suspend- 
ed solids and BOD removals. 


In this unique design, internal sludge 
recirculation is accomplished through 
airlifts with intakes below the special 
sludge pocket protection deflector. By 
placing the intakes in this protected 
heavy sludge zone and controlling each 
lift with a separate valve, optimum 
recirculation rates can be obtained. 

Gentle or intense aeration, adjustable 
sludge recirculation rates and controlled 
sludge thickening make the Oxidator the 
most flexible of all sedimentation equip- 
ment. Used alone, it can provide eco- 
nomical intermediate treatment; used 
with secondary equipment, it can sub- 
stantially reduce total plant investment. 


PROCESS ENGINEERS, INC. division 


420 Peninsular Avenue 
San Mateo, Calif. 


... another outstanding installation 


Two 75 ft. dia. Type CA 
Oxidators, Puyallup, 
Washington. Consulting 
Engineers—Gray and 
Oshorne, Yakima, Wash. 
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8" Transite Sewer Pipe being installed, Winchester, Mass. 


James D. Halwarz, Superintendent of 


SEWAGE AND INDUSTRIAL WASTES 


Water and Sewer Dept., Winchester, Mass., says .. . 


“Transite Sewer Pipe gives 
us the maintenance-free 
results we want...no root 
trouble, no infiltration, and 


no breakage in service.” 


“And because of its ease of handling 
and speed of installation, our final 
costs are less than with other ma- 
terials,” Mr. Halwarz continues. ‘““We 
first started using Transite in 1935 
to eliminate the cleaning of water 
mains. We liked it so well that less 
than a year later we started to use 
Transite Sewer Pipe. In over twenty 
years of using it, we have yet to clean 
or replace a single length of Transite 
Sewer Pipe. Transite is specified for 
both water and sewer mains in the 
town of Winchester.” 


Each year, in every part of the nation, we see significant 
increases in the use of Transite® Sewer Pipe. To find 
out why, send for the new Sewer Pipe data kit— 
containing flow rates, new Transite crushing strengths, 
and TR-165, the informative brochure on Transite 
Sewer Pipe, its application and installation. Write, infiltration of 
today, to Johns-Manville, Box 14CM, New York 16, ground water. 


N. Y. In Canada, Port Credit, Ontario. 


Transite Ring- 
Tite® Coupling— 
tight, lasting seal 
against roots and 


JOHNS MANVILLE 


JOHNS-MANVILLE 


PRODUCTS 


| 


SEWAGE AND INDUSTRIAL WASTES 


NDUSTRIAL PROCESS WATER 
CLARI FICATION, AT KAISER STEEL CORP., FONTANA, CALIF. 


37MGD CONSERVED 


Waste water treatment at Kaiser Steel Corpora- 
tion’s Fontana, California Works includes facil- 
ities for handling blast furnace flue dust washer 
water and hot strip mill process water. A com- 
bined total of 37 MGD indicates the importance 
of waste water treatment—from a conservation 
standpoint as well as operating economy. 


Heavy fines and particles, encountered in steel 
mill wastes, require equipment designed to move 
literally tons of abrasive sludge with as little 
maintenance as possible. Walker Process Tractor 
Drive Thickeners especially suit these conditions. 
The drive at the periphery of the basin utilizes 
the bridge as a lever to exert high rotational 


‘Thickener Units 4 


239a 


force with a minimum of gear reducer effort. 


This feature also permits the use of simpler, 
more accessible gear reducers which simplify 
maintenance and adds years to the service life 
of the unit. 


In addition to Tractor Drive Thickeners, 
Walker Process manufactures sludge collector 
units for all types and sizes of applications— 
circular, rugged, center drive units, either pier 
or bridge supported and rectangular mechanisms 

Write for information on equipment for the 
treatment of municipal water and sewage and 
industrial liquids, 


WALKER PROCESS EQUIPMENT INC. 


FACTORY © ENGINEERING OFFICES » LABORATORIES 


AURORA, ILLINOIS 


pang 
— 
The illustration shows one of two 115° diameter sedimentation 
basins, equipped with Walker Process Tractor Drive Thickenera, 
removal. Each unit is designed to process 10,000 gpm 
Ps _ with a reserve capacity of 20,000 gpm for emergencies. A pie 
third Walker Process Tractor Drive Thickener handles 5500 gpm 
of blast furnace five dust washer water in 110’ diameter x 11’ 
2 
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Attractive, Corrosion-Resistant Glazed-Tile 
Effluent and Water Treatment Tanks 


 -Exacting Design = 
Meticulous Workmanship’: 


As the final step of construction, 
Stebbins workmen carefully wash 
down the exterior of the tanks 
with acid. 


In this view of tank floors under con- 
struction, note the clean, smooth 
joints — the mark of good workman- 
ship. Note the variety of tile shapes. 
Horizontal and vertical steel rein- 
forcing is shown in the walls which 
will be solidly filled with concrete as 
work progresses. 


Complete Service — 


Design, Installation, Maintenance 
WRITE FOR BULLETIN AET-59 


4 
STEBBINS ENGINEERING CORP. —1504 rower BLDG., | LE, 
_ CANADIAN STEBBINS ENGINEERING & MANUF. 
OF MOUNT ROYAL, MONTREAL 9 12 MERCHANT EXCHANGE BLOG, VANCOUVER 
Specialists in Design, Installation and Servicing of Linings and Tile Tanks 
4 
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Problem: 


. Year / 19399 Carry sewage under an irrigation 


canal without infiltration. 


New steels are S olution: es 


born at Install Armco Corrugated Metal 
Pipe. The tight joints stopped in- 
filtration. 


Here is the sewer This 36-inch Armco Corrugated Metal Pipe is shown after 20 years of carrying fast- 
F ; : moving corrosive sewage under an irrigation canal in Pueblo, Colorado. There is 
after 20 years’ service —stili no measurable infiltration. Sewer is good for many more years of service. 


. Write us for catalog 


For complete details on Armco Sewer Structures, write Armco Drainage & 
Metal Products, Inc., 6899 Curtis Street, Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND DiviSiONsS: Armco Division * Sheffield Division * The National 
Supply Company * The Armco International Corporation * Union Wire Rope Corporation 
Southwest Stee! Products 
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how Scovill Manufacturing Co. found the answer to 


TREATMENT OF 
TUBE MILLS 
PICKLING WASTES 


Dorrco Clariflocculator carries out dual treatment operation in a single tank 


Metal pickling wastes from the Scovill Manufacturing Company’s brass 
and copper tube mills at New Milford, Connecticut average 400 gallons per 
minute of rinse solution. 

Removal of zinc and copper carbonates and return of the clarified liquor 
for re-use as rinse water involves a flocculating operation to facilitate rapid 
settling of the finely divided particles and dissolved salts. The dual operations 
of flocculation and clarification are carried out in a Dorrco Clariflocculator — 
a combination unit with two compartments within a single tank. 

The Dorrco Clariflocculator is ideally suited to the treatment of wastes 
involving copper, zinc, aluminum or nickel salts and is adaptable to a wide 
range of feed volumes and concentrations. Dorr-Oliver engineers have a 
wealth of experience to bring to the solution of your waste treatment prob- 
lems. We would welcome the opportunity of talking with you or your 
consultant. Dorr-Oliver Incorporated, Stamford, Conn. 


WORLD - WIDE RESEARCH + ENGINEERING + EQUIPMENT 


stamreoeo connecricurt 


Dorrco and Clariflocculator are Trademarks of Dorr-Oliver Inc., Reg. U. S. Pat. Off. 
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1958 Literature Review 


A REVIEW OF THE LITERATURE OF 1958 ON 
SEWAGE, WASTE TREATMENT, AND 
WATER POLLUTION 


By H. HeukeveKkian, Chairman, R. MANGANELLI, Vice-Chairman, H. AMBERG, 
E. J. Bera, H. F. C. H. ConnetiL, W. E. G. P. Epwarps, 
M. B. Ertinger, D. G. T. peS. Furman, [. GeLuMAN, H. G. 
Harpina, R. D. Hoax, R. 8S. INcous, W. M. Incram, P. W. KABier, 


M. Karz, F. W. H. 


G. Lutey, P. H. McGavuey, 


W. A. Moore, R. Porges, E. R. Rorn, A. J. STEFFEN, 
C. Straus, C. M. G. H. TELETZKE, W. W. 


Towne, H. A. 


TREBLER, E. C. 


Tstvogtov, E. 


WEISBERG, AND R. L. Woopwarp 


Research Committee, 


Federation of Sewaae and 


Industrial Wastes Associations 


JOURNAL. 


This second of three sections of the Literature Review covers in- 
dustrial wastes, including those of a radioactive nature. 
the extensive coverage, the industrial wastes section on radioactivity is 
referenced separately from the discussion of other industrial wastes. 

The first section, dealing with analytical methods and sewage, was 
published in the May 1959 issue of THIS JOURNAL. 
on water pollution, will be published in the July 1959 issue of Trts 


Owing to 


The third section, 


INDUSTRIAL WASTES 


Food Processing Wastes 


Canning 

An interesting dissertation by Barnes 
and Weinberger (16) reveals that the 
concentration and volume of pickle 
packing wastes have been reduced sub- 
stantially by surveys tracing the source 
of pollution and thereby providing a 
means for control of the pollution po- 
tential. Elimination of wastes result- 
ing from drip, dump, transfer, and 
spill losses, by changes in routines and 
equipment, has reduced the BOD as 
much as 64 per cent. The segregation 
and storage of potent liquors for re- 


lease during high stream flow further 
reduced the BOD by 80 per cent. By 
such reductions in BOD without treat- 
ment, appreciable savings in treatment 
costs are effected. Additional savings 
recoverable material 
such as sugars and liquors. The prin- 
cipals involved herein could) be ap- 
plied to other food processing Wastes 
as well as to many other industries. 
Ingols (77) presented a review of the 
newer methods for treating food proc- 
essing wastes. Brief descriptions are 
given of the treatment facilities at 
the Green Giant Company, Seabrook 
Farms, and at another tomato canning 


are available in 
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616 SEWAGE 


operation where irrigation is 
used. The discussion covers limitations 
in the use of spray irrigation in the 
citrus and wastes. 
Salable by-products from the citrus 
industry in the form of citrus molasses, 
feed dis- 
cussed, as is silage from bean and pea 


spray 


disposal of 


yeast, and alcohol are also 


canning operations. The paper covers 
the advantages of reducing pollution 
loading at its source by improvement in 
and the mixing of effluent 
with the entire dilution water. Factors 
involved in the selection of a plant site 
for canning operations are presented 
with an outlook 
treatment costs. 


pre eSSES 


toward low waste 

Data was obtained by Lunsford and 
Dunstan (97) to indicate that pea 
blancher waste is amenable to stabiliza- 
tion by digestion at both 
mesophilie and thermophilic tempera 


anaerobic 


tures, 

An interesting approach to the con- 
trol of fly breeding in food processing 
waste lagoons is presented by MeCoy 
(108) The covering of the waste 
lagoons with a film of black polyethyl- 
ene is credited with accomplishing sue- 
cessful suppression of fly breeding at 
The cost of this 
method installed is approximately 8¢ 
per sq ft of lagoon area. 


the waste lagoon site. 


The problem of handling solid waste 
from canning operations has originated 
a study reported by Canham (26 
the of solids with 


wherein inclusion 


liquid waste for disposal by spray ir- 
The report 
included mechanical problems encoun- 


rigation was investigated. 


tered, the effeet of comminuted solids 
on the soil and on the cover crop, and 
the involved. The study 
conducted at a midwestern 


COSTS Was 


pea proc- 
essing plant but the author points out 
that products other than peas might 
involve problems not encountered in 
and recommends further 
study with each product. The study 
reveals that this method of disposal of 
solids is feasible at lower costs than the 


these tests 


usual separation and disposal. 


AND INDUSTRIAL WASTES 


June 1959 

Brooke and Capel (20) reported on 
an economic study of the disposal of 
A comparison of 
disposal cost by dehydration, county 
pit disposal, field disposal, and industry 
for Dade 


solid tomato waste. 


pit disposal is 
County, Florida. 

Previous laboratory and _ pilot-plant 
work by Dougherty and MeNary (42) 
on vitamin content of activated citrus 
sludge has been continued to obtain the 
maximum vitamin production and fur- 
ther results of vitamin content of the 
sludge in a properly designed activated 


presented 


sludge system operating under normal 
conditions. 

Pilot-plant work on the treatment of 
citrus wastewater by the activated 
sludge process overloaded to 
the extent that the resulting rise in 
temperature seriously harmed the mi- 
croorganisms involved. Dougherty and 
MeNary (48) present the results of 
experiments to find the effeet of in- 
activated 
having over- 


beeame 


creased temperature on an 
culture without 


loaded conditions. 


sludge 


Interesting information is presented 
by Caster (28), Kraus (88), and Van 
Kleeck (152) on combined municipal- 
industrial treatment that pro- 
vides background thinking for the food 
processing industry. 


waste 


The problem of finding methods to 
treat wastewater of the sugar and 
manufacturer, distiller, fruit 
and vegetable preserver, and flax retter, 
both economically and technically ae- 
ceptable, is discussed by Colas (32). 
The problem is discussed with refer- 
ence to the situation in France. The 
difficulties brought out are the seasonal 


starch 


operation, the fact that the season may 
coincide with the time of high or low 
water, and the situation that there may 
be coincidence with the fishery season. 

Lefebvre and Dickinson (93) review 
published information on the treat- 
ment of waste from the fruit and vege- 
table canning industry in Belgium and 
England. The article lists different 
techniques available and discusses the 
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activities in reference to processing 
wastes. 


Sugar 


The pollution of surface waters by 
food industry wastewaters is discussed 
by Mansson (99). Examples used are 
mainly from the sugar industry in 
Sweden. The reduction of water con- 
sumption and wastewater output is the 
result of the reclaiming of wastewater 
and process improvements applied. 

Rao, Skukla, and Kapur (125) have 
measured volumes of effluents from 
various processes in a sugar factory 
and have analyzed the effluents for the 
quantity of dissolved and suspended 
solids BOD and odor. They describe 
a successful pilot plant in which filtered 
effluent is treated with lime, coagu- 
lated, and the clear supernatant liquor 
is decanted after sedimentation. The 
estimates of for such treatment 
facilities are considered high. 


cost 


Dairy Wastes 


The Eastern Regional Laboratory of 
the United States Department of Agri- 
culture has continued research on the 
aeration of whey wastes. Jasewicz and 
(81) studied the laboratory 
aeration of dilute whey in two systems, 
one with and the other without supple- 
mentation with nitrogen (14.6 mg/l N 
from NH,OH). Each system started 
with 2,000 mg/l washed sludge solids 
from a skim milk aeration system plus 
1,000 mg/l whey solids in 12 liters. 
Eight liters of supernatant were re- 
placed daily with 8 liters containing 
12 ¢ whey solids. In spite of the favor- 
able temperature (84 to 90°F) for 
endogenous respiration and excess air 
(18 l/min or about 23.5 efm/lb COD, 
as well as the removal of samples) the 
sludge solids increased in 96 days to 
about 4,650 mg/l in the system with 
added N and to 5,070 mg/l in the sys- 
tem without added N. At this time 
both systems still gave complete whey 
removal to the sludge and the sludge 
with added N gave more rapid oxida- 
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tion of the intracellular material. This 
study confirms industrial experience 
that modified activated sludge treat- 
ment of dairy wastes containing sub- 
stantial amounts of whey, produces a 
satisfactory effluent and a buildup of 
poorly settling sludge which resists 
auto digestion by endogenous respira- 
tion in spite of nitrogen supplementa- 
tion. In a later paper from the same 
laboratories, Wasserman, Hopkins, and 
Porges (156) looking for saleable prod- 
ucts which might utilize part of the 
nine billion pounds per year of cheese 
whey now going to waste, studied the 
conditions necessary for the optimum 
growth of a yeast, S. fragilis, on whey. 
Yeast is used in animal feeds. The ad- 
dition of 0.5 per cent (NIH4)eSO4, 0.5 
per cent K.HPO,, and 0.1 per cent 
veast extract were found to be neces- 
sary for good growth. Initial adjust- 
ment of the whey medium to pH 5.0 to 
5.7 gave maximum growth. <A high 
inoculum (about two billion yeast cells 
per milliliter) reduced the growth pe- 
riod to three to four hours. Non- 
sterile whey gave as good growth as 
sterile whey. 

As reported at length in last year’s 
review, when at all practical, the pre- 
ferred method for dairy waste disposal 
is land irrigation. Several additional 
papers have appeared with favorable 
reports from Germany, New Zealand, 
and Sweden, which, however, contain 
no new facts. Consequently, they are 
listed below as ‘‘ additional references.”’ 

Additional favorable reports have 
appeared on the modified activated 
sludge treatment units tested in Ger- 
many and discussed in the 1956 review. 
According to an anonymous (9) report 
the ‘* Aquapura’’ now has a small plant 
in operation at Loeccum (Germany ) 
handling 5,300 gpd of wastewater from 
a cheese plant which is handling 30,000 
lb/day of milk in a 6-hr operation per 
day. The treatment unit has an aerated 
storage compartment of 5,300-gal_ ea- 
pacity and an aeration compartment of 
the same size. It uses a Kessner type 
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rotating brush for aeration. The waste 
is pumped at the rate of 26 gpm of 
which 5 gpm goes to the aeration tank 
while the rest goes back to the storage 
compartment. The organic load aver- 
ages about 53 Ib/day of 20-day BOD, 
which presumably might be equivalent 
to 37 lb of 5-day BOD. There is a 
circular clarifier with four hours of 
retention. Nothing is said about rate 
of sludge return, control of sludge con- 
centration, or disposal of excess sludge. 

Kannemeyer (82) reports on an 
Aero-Accelator installation in Meer- 
dorf (Germany) in 1957. It handles 
12.000 to 15,000 epd of wastewater 
containing 197 to 344 mg/l of 5-day 
BOD. The BOD loading is 20 to 44 
lb/day. Final effluents show 15 to 35 
mel BOD. Power consumption is 40 
kwhr/day. The rate of flow throuch 
the unit is 33 gpm. The waste comes 
from a fluid milk plant which takes in 
an average of 25,000 lb/day milk, half 
of which goes into fluid bulk milk and 
one-tenth into bottled milk. The rest 
is separated and the cream made into 
butter. The skim is partly returned to 
the farmers with the buttermilk and 
the whey. Most of the skim goes into 
the usual line of by-products. The 
milk plant and the treatment unit op- 
erate only during the day, but pro- 
vision has been made for keeping the 
sludge fresh by some aeration and re- 
circulation at night. The unit actually 
provides for 100 per cent sludge re- 
circulation, but the sludge blanket 
level in the clarifier compartment 
(which surrounds the aeration com- 
partment) is kept constant by means 
of a photo cell which will start and stop 
the sludge discharge pump automati- 
cally. The sludge is pumped to a tank. 
Sludge quantities and the tank sizes 
are not given Probably the tank is 
an anaerobic digester. If so, a report 
on its performance would be of great 
interest. 

At a two-stage, high-rate trickling 
filter plant previously described by 
Zack in 1956 for treating milk process- 
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ing plant wastes, overloading caused a 
serious upset in operation. Klein (85) 
describes operating experience with 
this plant and the changes made so as 
to include sanitary wastes and to han- 
dle peak organie loads of more than 
double the design BOD load. Removal 
of exeess sludge by tank truck and 
heating the digester to 85° to 90°F 
have established normal digester opera- 
tion. At time of peak loading, analyti- 
cal results showed a reduction from in- 
fluent to effluent of 83 per cent in 
turbidity, 87 per cent in total solids, 
and &9 per cent in 5-day BOD. 
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Sehulz-Falkenhain, H., ‘‘The Costs of Waste 
Water (Disposal) in Dairy Plants.’’ Mol- 
kerei- u. Kaserei-Ztg. (Germany), 9, 799 
(1958). 


Meat Packing and Poultry 
Processing Wastes 


Practical measures for in-plant waste 
prevention and conservation in meat 
packing plants were outlined by Aikins 
(2). Data on the initial operation of 
a modified anaerobie digestion type 
plant treating packing plant wastes, re- 
ported by Steffen (143), include com- 
ments on break-in procedures and 
plans for future research. During the 
fourth month of operation, the plant 
was handling a 40 per cent overload in 
BOD with over 92 per cent BOD re- 
moval. A unique feature of the plant 
is the removal of residual gases from 
the digester effluent by vacuum de- 
gasification, to produce a non-rising 
sludge which is returned from the 
separator (or clarifier) to the digester 
to supply seed for the digestion process. 

Data on poultry processing wastes 
by Kaplovsky (83) are based on studies 
of four Delaware plants. He reports 
that approximately 95 per cent of the 
pollutional load originates in cleaning 
of feeder stations and poultry bat- 
teries. The trend toward direct proc- 
essing, Without holding poultry in feed- 
ing stations, is thus reducing unit loads 
and necessitates a revision of past con- 
cepts of the pollutional effect of poultry 
wastes. The economics of by-product 
recovery in the Delaware area are also 
discussed. 

A discussion by Roberts (129) of 
combined treatment of poultry and 
domestic wastes at Gainesville, Georgia, 
points up the importance of intercep- 
tion of solids by mechanical screening 
at the source. Digestion of the solids 
was achieved by adequate recirculation 
of sludge and by resting one digester 
at a time. The author recommends a 
cutter type grinder for screenings and 
the use of the newer full-flow type 
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sludge pumps in preference to plunger 
pumps. 


Additional Reference 


Csiszar, V., ‘‘The Treatment of Waste Water 
of Slaughter Houses and Dairies.’’ Magyar 
Allatorvosok Lapja (Hungary), 10, 42 
(1955) ; Chem Abs., 52, 20743 (1958). 


Fermentation, Chemical, and 
Pharmaceutical Wastes 


Vaughn eft al. (153) discussed the 
effect of winery stillage pretreatment 
on the resultant treatment efficiency of 
a domestic sewage treatment plant re- 
ceiving these wastes. Of three detartra- 
tion methods studied, including cold 
throw, centrifuging, and hot throw, the 
latter produced optimum BOD redue- 
tion. BOD of combined winery wastes 
and sanitary sewage was reduced from 
2,100 to 420 mg/1 by means of calcium 
chloride addition and lime neutraliza- 
tion. A trickling filter plant with 3 mgd 
design capacity receiving 50,000 gpd 
detartrated stillage and 1.5 mgd sani- 
tary sewage then produced 90 per cent 
BOD reduction as compared to 54 per 
cent prior to pretreatment. 

Meinhold and Arnold (104) de- 
scribed the operation of a submerged 
combustion unit used to concentrate 
2.400 lb/hr of boron-caustic wastes 
from high energy fuel production. <A 
2-mil Btu/hr gas-fired burner evapo- 
rated 1,900 lb/hr of steam, leaving 500 
lb/hr of concentrate containing 50 per 
cent caustic for ultimate disposal by 
hauling. Nagy (114) reported on an 
incinerator installation designed for 
disposal of 2,000 gpd of benzene acid 
sludges containing from 30 to 75 per 
cent sulfuric acid resulting from ben- 
zene product purification reactions, 
along with 7,000 lb/day of solid com- 
bustible residues. Incinerator site se- 
lection factors and incinerator design 
are detailed as are construction and 
operating costs. 

Hedgepeth et al. (71) described the 
extensive preliminary studies designed 
to develop suitable treatment proce- 
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dures for a new acrylic fiber production 
facility, including disposal methods for 
Treatment will 
equalization, 


thiocyanate wastes. 
include 
skimming and sedimentation, and la 
gooning, followed by offshore diffusion. 
Remy and Lauria (127) reviewed pre- 
liminary studies, design, and operation 


neutralization, 


of facilities for disposal of wastes from 
Effluent 


duction of adipic acid via cyclohexane 


nylon production. from pro- 
oxidation contains quantities of suc- 
cinic, adipic, glutaric, and acetic acids, 
adiponitrile, hexamethylene imine, ace- 
tone, methyl ethyl ketone, and eyclo- 
hexane. Treatment facilities designed 
to prevent reduction of receiving water 
dissolved oxygen below 5 mg/l include 
submerged combustion for 125 gpm of 
strong waste flow, equalization, neu- 
tralization with ammonia, nutrient ad- 
dition, and high-rate activated sludge 
treatment at 1.2 lb BOD per lb sludge 
carried, followed by sedimentation 
and controlled effluent release. Greene 
(61) described experimental work on 
trickling filter treatment of rayon fiber 
wastes mixed with sanitary sewage in 
volumes two and one-half times that of 
the rayon effluent. 

Tully (147) discussed the treatment 
of acidic wastes from production of 
various silicone products. Upflow lime- 
stone neutralization with recirculation 
of settled effluent is employed, follow- 
ing sedimentation for removal of sili- 
cone gel, for wastes containing one per 
cent hydrochloric and sulfuric acids. 
Cost data are presented indicating an 
investment of $35,000 for a facility 
capable of handling 750 gpm of 1 per 
Total operating costs 
49¢ per ton of 1 per cent acid 
waste. Faust and Orford (47). re- 
ported on research studies of sulfuric 


cent acid wastes. 
are 


acid waste neutralization using native 


gypsum and recycled sludge to improve 


sedimentation properties of sludges re- 
sulting from lime neutralization. 
of native gypsum seed caused reduced 
sludge volumes by a factor of 4 to 7 
times. Sludge recycled 10 to 15 times, 


Use 
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originally seeded with native gypsum, 
similarly reduced sludge volumes by a 
factor of 3 to 5 times. Reeyeling of 
calecimm sulfate sludge without benefit 
of initial seeding was far less effective. 
evidence was presented 
to show that deposition on properly- 
oriented introduced crystal surfaces 
was responsible for the improvement. 

Heller et al. (72) reviewed the avail- 
able methods for dephenolizing various 
reviewed 
include steam stripping and_ solvent 
extraction using counter-current pro- 
The latter include benzene 
and light oils, tricresy] phosphate, low 
boiling aliphatie esters, and light aro- 
matics. Equipment used includes cen- 
trifugal contactors and mechanically 
agitated columns. selection 
factors are reviewed and detailed data 
are presented for two specific installa- 
tions employing steam stripping and 
solvent extraction. Kirchgessner (84) 
described phenol recovery at an in- 
tegrated phenolic plant. The 
original installation employing counter- 
current benzene extraction fre- 
quently fouled by phenolic resin deposi- 
tion and generally produced effluents 
1,000 mg/l phenol. Use of 
isopropyl ether with ether recovery 
the water layer by steam strip- 
ping has proven preferable to benzene, 
although column fouling still remains a 
problem. The new method produces an 
effluent of 200 mg/l phenol from an 
influent of 5 per cent phenol. 


Microscopic 


process streams. Processes 


cedures. 
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Reid, F., ‘*Two Major Industries Cut Their 
Waste Problems by Self Analysis.’’ Wastes 
Eng., 29, 190 (1958). 


Coal Wastes 


Raleigh (124) predicts that acid 
mine-drainage controls will be intro- 
duced in the Ohio River Valley. Puni- 
tive legislation can be avoided only if 
there is an industry-wide effort to curb 
all pollutional wastes. <A producers’ 
committee is proposed to carry out a 
voluntary control program. 

Pennsylvania (6) has had notable 
success in controlling acid mine water ; 
chemical inhibitors are eschewed. The 
program has been based on control of 
physical features and methods of op- 
erating active coal pits with the objec- 
tive of keeping water out of pits and 
promptly pumping away any water 
that enters. Some of the effective meas- 
ures are: (a) using diversion ditches to 
keep water out of strip mines, (b) col- 
lecting and channelling ground water 
away from the workings, (¢) avoiding 
stripping across stream channels, (d) 
backfilling pits to decrease the time sul- 
furitic material is exposed to air and 
moisture, and (e) preventing seepage 
into sulfur-bearing waste by segregat- 
ing gob and sealing it off with an im- 
pervious cover. Similar methods are 
used to control acid water from active 
deep mines, but there is no solution in 
sight for the problem of acid water 
flowing from abandoned mines. 

It is reported (7) that a plant under 
construction near Duisburg in the Ruhr 
District of Germany will convert waste 
sludge into 150,000 tons of coal dust 
per year. The dust will contain about 
46 per cent nonvolatiles and 1 to 2 per 
cent water. It will be used primarily 
by power plants with which long-term 
contracts have been signed. The proc- 
ess is covered by pending patents and 
details are not yet available. 

Ferro coke, a carbonized blend of 
coal and blast furnace flue dust, pro- 
vides a practical way to use flue dust 
without sintering. Mitchell and Sedia- 


chek (111) state that the dust is mixed 
with 80 per cent of high volatile coal 
and coked in conventional ovens for 
about 22 hr. The coke has high strength 
and, as blast furnace burden, it may be 
valued at the price of a unit of ore 
plus credit for reduction of its con- 
tained iron oxide. The process is in 
commercial operation. 

There exists considerable disagree- 
ment over the relative roles of chemical 
and bacterial oxidation of sulfuritic 
material. Bryner and Jameson (23) 
report the isolation and characteriza- 
tion of two chemosynthetic autotrophic 
bacteria from the leaching streams in 
Bingham Canyon, Utah. One of the 
organisms is able to oxidize free sulfur, 
ferrous iron, iron pyrites, molybdenite, 
and several copper sulfide minerals; it 
is very similar to Thiobacillus ferrooxi- 
dans. The other organism oxidizes free 
sulfur but not sulfide minerals; it is 
similar to Thiobacillus thiooxridans. 


By-Product Coke Wastes 


Drabek (44) reported confirmation 
of laboratory work by 15 months of 
full-scale trials wherein water contain- 
ing 843 to 951 mg/l monohydric and 
353 to 392 mg/1 dihydric phenols was 
fed at 2 cu m/day to a slag heap with 
a volume of 120 cu m and a height of 
3m. Analysis over the first six months 
showed no phenols in the filtered water. 
In the remaining nine months the con- 
centration ranged from 11.7 to 172 
mg/l with no regular increase. The 
phenols absorbed during the trial 
amounted to 14 kg/ton of slag. In a 
later paper (45) the author reviews 
various methods for recovery or de- 
struction of phenols by adsorption, ion 
exchange, and coke quenching. 

A method for treating gas works ef- 
fluents was patented by Davies and 
Cooper (38). Retort house liquor and 
hot liquors from condensers and gas 
detarrers are stripped of free ammonia 
and dephenolated with butyl acetate 
or methyl isobutyl ketone. They are 
then either run to waste or concentrated 
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for recovery of ammonium chloride. 
The remaining liquors, including final 
cooler liquors which contain mainly 
thiosulfates and thiocyanates with a 
little ammonium chloride, are steam- 
(listilled to recover ammoniacal liquor. 
Any phenols can be removed by extrac- 
with before distillation. 
The liquors are concentrated by evapo- 
ration, ammonium chloride is separated 


tion benzol 


if desired, and the concentrate is ren- 
dered harmless by treatment with ni- 
tric or sulfuric acid. The 
distillate is used as boiler feed, and the 
unwanted polyhydrie phenols and nox- 
ious liquors are destroyed in a coke- 
burning furnace. 


aqueous 


Hall (65) that 
treatment of ammoniacal liquor with 


It was reported by 


ozonized air destroys phenols, thiosul- 
fate, thiocyanate, cyanides, and sulfides, 
provided the pH is controlled. The 
oxygen absorption value is reduced 75 
to 80 per cent; further reduction does 
not occur because the decomposition 
affected by ozone. 
The ozone to phenol ratio required to 


products are not 
reduce the phenol content below 1 mg/] 
different 
The oxygen absorption 
value can be reduced if the liquor is 
treated biologically or by froth flota- 
tion before The 
Abson and 
recovery of 


ranges from 0.7 to 2.7 for 


coke works. 


ozonation. process 
to be economical. 
Todhunter (1) 
phenols from coke works effluents in 
detail under three headings: distilla- 
tion and absorption of the vapors, di- 
rect absorption, and extraction with sol 
vents. Chemical oxidation with ozone, 
nitrous and nitrie acids, or chlorine is 


is said 


discussed 


often favored because the decomposi- 
tion products are generally innocuous. 

Phenol recovery processes were ana- 
lyzed by Heller, Clarke, and Reiter 
(72). They point out that a steam- 
stripping unit, using tower intervals 
with low sensitivity to fouling, can be 
used for dephenolization of liquors 
with sharp variations in specifie grav- 
itv, temperature, separable oils, and 


suspended solids. A steam-stripper 
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With trays, operating at 45 psi, has 
been satisfactorily handling a complex 
and varying waste stream. On the 
other hand, solvent extraction offers a 
number of advantages over steam-strip- 
ping where the physical characteristics 
of phenolic wastewaters vary only 
slightly. Salvadori and Gignes (133) 
deseribed a scheme for continuous frac- 
tionation of phenolic oils and coal tar 
hydrocarbons upon separation 
of the azeotropes formed when a mix- 
ture of oil, water, and ethylene glycol is 
rectified. 


based 
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Petroleum Processing Wastes 


Studies continue on persistence of 
oily matter in streams and effects of 
such compounds and degradation prod- 
A considerable number of waste 
control installations are reported by 
the petroleum industry, including four- 
stage treatment at two new refineries. 


ucts. 


Observations on persistence and sig- 
nificance of refinery wastes in streams 
are summarized by Ludzack, Middle- 
ton, and Ettinger (95). Emulsioi. 
break and sedimentation occurred much 
more rapidly in actual stream studies 
than in the laboratory. Deposition of 
oily, flocculent, biological solids and 
silt is pointed out as forming a reser- 
voir of waste products. Oily matter 
and degradation products are returned 
to the flowing stream during periods of 
high flow and gasification. Carbon 
filter, chromatographic, and infrared 
techniques are being combined to fol- 
low the course of oily wastes in streams. 
Biochemical degradation products are 
designated a ‘‘new dimension’’ in 
stream pollution by Bogan (17). Find- 
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ings on degradation of a number of 
types of compounds indicate that BOD 
values for a number of substances may 
be related to degradation of only a por- 
tion of the original molecule. Effect of 
biochemical end products then becomes 
an important question. Bogan con- 
cludes that organic stream pollutants 
generally cannot be evaluated ade- 
quately in terms of BOD or COD alone. 
Hydrocarbon assimilation by microor- 
ganisms is reviewed in a Russian article 
by Shturm (139). Products of de- 
composition are given. 

Experiences in lagoon disposal of 
wastes are related by Hull (76) and 
Irwin (79). Extensive treatment fa- 
cilities are deseribed for two recently 
completed refineries (35) (118). In 
addition to ‘‘in-plant’’ controls, re- 
finery effluents are sequentially treated 
by gravity oil-water separation, chemi- 
eal flocculation, activated sludge, bio- 
logical oxidation, and lagooning. 

Deep sea disposal of petrochemical 
wastes is described by Hood, Stevenson, 
and Jeffrey (75). Effect on organisms 
was studied both in the laboratory and 
at disposal sites. 

Developments in treating methods in- 
clude studies on reducing sludge vol- 
umes. Sludge volumes from chemical 
flocculation of oily matter are markedly 
reduced by practices related by Me- 
Cord and Enquist (102). An 80 per 
cent reduction in sludges is accomp- 
lished by continuously aerating, chlo- 
rinating, and recirculating sludge. 
Treatment of boiler blowdown water to 
reduce alkalinity by underwater com- 
bustion is described (60). Another 
new treatment system is described (10) 
and is said to be satisfactory. 

Thermal pollution of streams is 
pointed out as an important considera- 
tion by Moore (112). Use of air cool- 
ers, together with a discussion of other 
pollution control measures in the in- 
dustry, is related by Brady (19). Ex- 
tensive use of cooling towers to reduce 
heat load and water usage is given by 
Merman and Roth (106). 
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A new manual on disposal of refinery 
wastes covers up-to-date technology on 
sources, effects, and treatment of chemi- 
cal wastes (4). 
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Pickling and Acid Wastes 


Disposal of pickle liquor from a 
small batch operation with a crystal- 


lization-regeneration process was de- 
scribed by Lang (90). Three times 


weekly a 400-gal volume of liquor con- 
taining 25 per cent ferrous sulfate is 
pumped from a 1,200-gal batch pickler 
to a cypress crystallization vat equipped 
with a cooling coil of 2-in. polyethylene 
pipe. Make-up acid is added to the 
vat and the mixture is cooled to 70°F 
over a period of 1 to 2 days. The 
mother liquor is returned to the pickler 
and the copperas is hauled to a dump. 
The installed cost of the recovery plant 
was $2,000. Labergere (89) noted that 
batch pickling can be continued before 
regeneration by crystallization of cop- 
peras, until the iron content reaches 
130 to 140 g/l. For continuous pick- 
ling, however, the pickling rate be- 
comes too slow if the iron content ex- 
ceeds about 72 g/l before regeneration. 
Atwood and Hodge (14) described a 
process for regeneration of spent pickle 
liquor by recovery of ferrous sulfate 
monohydrate. The paper covers tech- 


nieal and economie factors. 
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Sorensen and Douty (141) reported 
that concentrated calcium-base spent 
sulfite liquor can be burned in a re- 
fractory-lined furnace without a sec- 
ondary fuel. The experimental furnace 
was a horizontal cylinder lined with 
firebrick. The concentrated liquor was 
preheated to 160 to 180°F to permit 
satisfactory atomization. Success of 
the operation depends largely on the 
performance of the fuel nozzle; de- 
tailed design of a nozzle is given. Best 
results were attained with steam atom- 
izing nozzles. Stable and effective 
combustion occurred when firing liquor 
at 52 to 58 per cent solids at rates 
ranging from 5 to 6.75 lb/min. Gav- 
rilescu (53) stated that the amount of 
sulfur dioxide in sulfite waste liquor 
should be more than adequate to de- 
stroy the free chlorine produced in 
making hypochlorite solution from eal- 
cium chloride. A combination of the 
two waste streams should eliminate any 
free chlorine in the final effluent. 

Lewis (94) described a solvent ex- 
traction process which more nearly re- 
sembles ion exchange. The process, 
properly called liquid-liquid extraction, 
was developed for production of ura- 
nium concentrates but it appears to 
offer a wide range of possibilities for 
recovery of metals from industrial 
wastes. In a typical uranium recovery 
by liquid extraction, a water-insoluble 
organo phosphate is dissolved in kero- 
sene to form a water immiscible organic 
phase. This phase is then intimately 
mixed with the uranium-pregnant sul- 
furie acid solution from leaching the 
ore. During a brief mixing period, 
uranium cation leaves the aqueous 
phase and associates with the organic; 
simultaneously, an equivalent amount 
of hydrogen ion migrates from the 
organic to the aqueous phase. After 
settling to separate the two phases the 
organic phase is decanted and ura- 
nium-free aqueous phase is run to 
waste or to by-product recovery. The 
organic phase is then stripped of its 
uranium by reversing the extraction 
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process. 
the volumes of the two phases it is 
possible to concentrate the uranium 
more than 100-fold. The process can 
be used for recovery of various anions 


By suitable adjustment of 


and cations. For example, amine ex- 
tractants will pick up chromates, vana- 
dates, and uranates but reject ferric 
iron; the organo phosphates will pick 
up vanadium in the reduced state, and 
such positive ions as titanium, copper, 
zine, molybdenum, ferric iron, and 
trivalent chromium. This is such a 
new technique that data on specific 
applications are quite meager, but it 
offers a promising field for exploration. 
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Plating and Cyanide Wastes 


Trends (49)(109) in waste treat- 
ment continue in the direction of waste 
reduction and water conservation. 

Papers by Gruner (62) and Gurn- 
ham and Gruner (64) described the 
technique of incineration of cyanide 
wastes. Solid cyanide wastes are pul- 
verized with scrap iron in a rotating 
barrel provided with two hollow trun- 
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nion supports through one of which 
air can be forced when the wastes are 
finely ground. This air stream carries 
the cyanide dust through the other 
trunnion to an incinerator where the 
cyanide compounds are burned in the 
flame of mixed waste solvents. Com- 
plete destruction of the cyanides is 
obtained. 

A method for destroying cyanide- 
bearing wastes in aqueous solution as 
reported by Byrne, Turnley, and Wil- 
liams (25) consists of saturating the 
solution with sodium chloride, then 
electrolytically generating chlorine 
within the waste solution. It is claimed 
that virtually complete destruction of 
cyanide can be achieved at significantly 
lower operating cost than by direct 
addition of chlorine gas or hypochlo- 
rites because of the low cost of salt 
and the fact that only one kwhr is 
needed to destroy 0.08 to 0.1 lb of 
cyanide. In addition, most plating 
chemicals can be recovered on the 
cathode, thereby reducing the sludge 
problem. The study was carried out 
with a solution containing cadmium 
cyanide ; graphite anodes and cadmium 
cathodes were used. 

Papers referring specifically to treat- 
ment plant operation are referred to 
at the end of this section, but one such 
paper deals with the presence of 
hexavalent chromium in oxidized cya- 
nide effluent and is therefore of general 
interest. The design of the waste treat- 
ment plant of an automobile facility 
as reported by Delos (40) called for 
the oxidation of cyanide wastes by 
chlorine (30 to 50 mg/] residual), a 
30 min retention, then to a holding 
basin where cyanide concentration 
could be checked before the effluent 
was sent to the stream. It was found 
that significant amounts of hexavalent 
chromium appeared in the holding 
basin effluent although all chromium 
wastes had been segregated and di- 
rected elsewhere for treatment. It was 
found that the copper plating solutions 
contained chromium, not as hexavalent 
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because the untreated cyanide waste 
gave negative CrO, results, and that 
chlorination in the presence of copper 
salts over a period of time caused the 
elaboration of chromate ion. As a 
result all cyanide wastes containing 
chromium compounds after chlorina- 
tion are directed to the alkaline-oily 
waste system for reduction of the 
chromium before release to the stream. 

Studies by Ware (155) of the effect 
of temperature on the biological de- 
struction of cyanide carried out in a 
laboratory in filters inoculated with 
Actinomyces indicate that the break- 
down of cyanide is essentially complete 
at normal room temperature. The cya- 
nide loading was 80 mg/l (as KCN), and 
only below 10°C and above 35°C was 
the biological breakdown of cyanides 
inefficient. The cyanide was converted 
to ammonia, nitrate, and nitrite, the 
proportion of ammonia being higher 
when the cyanide conversion was lower, 
i.e., below 10°C or at 35°C and higher. 

Continuing earlier studies on the 
fate of chromium and iron during the 
treatment of sewage, Stones (144) 
studied the changes in concentration 
of copper in sewage. It was found 
that activated sludge treatment re- 
moves about 80 per cent of the copper 
present in the settled sewage, the re- 
mainder ‘passing out with the effluent. 

The helpful compilation of local 
authority by-laws regulating English 
metal finishing efiluents was extended 
by Meston (107), and Gurnham and 
Foulke’s bibliography (63) of articles 
dealing with plating wastes appeared 
in the August issue of Plating as 
usual. 
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Pulp and Paper Wastes 


Saunders (134) presents a brief re- 
view of the efforts made by the pulp 
and paper industry to abate stream 
pollution. Emphasis is placed on the 
fact that the industry has spent over 
$100 million during the past ten years 
to combat pollution and is currently 
spending over $1 million each year on 
research alone. A review of the various 
abatement measures used in the Pacific 
Northwest is presented by Amberg (3). 
Research projects in the states of 
Oregon and Washington are also dis- 
eussed and since 1947, a total of 
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$2,835,000 has been spent by the pulp 
industry on research directly related 
to solving the disposal problems of the 
industry. It has been calculated that 
$8 million have been invested in pollu- 
tion abatement measures in these two 
states, which have placed strong em- 
phasis on the elimination of pollution 
problems. Studies conducted on pulp 
mill effluents at the University of 
Washington are discussed by Felicetta 
and McCarthy (48). These investi- 
gators are studying the components of 
wastewaters from pulp and paper mills, 
their utilization, and disposal, as well 
as the chemistry of wood and lignin. 
The older methods of sewage treat- 
ment, in particular some chemical 
treatment and sedimentation processes, 
have not been successful in treating 
pulp and paper mill wastes. These 
methods, according to Gehm (55), have 
required the development of other 
techniques, such as flotation and direct 
filtration methods, to extend the scope 
of clarification to a greater number of 
wastes. In the field of oxygen demand 
reduction, biological sewage treatment 
methods have proved useful in some 
instances, but not very effective or 
efficient in others. Gehm (54) also 
discusses new approaches to the treat- 
ment of pulp and paper mill effluents 
investigated during 1957 by the Na- 
tional Council for Stream Improve- 
ment. The three basic problems being 
studied are: (a) the dewatering and 
disposal of sludges obtained from elari- 
fication processes, (b) color reduction 
from bleaching wastes, and (c) removal 
of BOD. The application of centrifuga- 
tion to the dewatering of sludges is 
being investigated and an_ aerobic 
thermophilic digester for the decom- 
position of organic residues has been 
designed and erected. Vacuum filtra- 
tion of kraft bleach liquors through a 
bed of hydrated lime has been found 
extremely effective in removing color 
and this process is being studied on a 
larger seale. 
Increased efforts are being expended 
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to improve dissolved oxygen conditions 
below pulp mill outfalls. For example, 
the Sulphite Pulp Manufacturers Re- 
search League (8) is engaged in an 
experiment designed to increase the 
dissolved oxygen content of river 
waters. Hydroelectric turbines are 
modified to whip in air as the waters 
pass through, thus helping to meet the 
BOD of the waters and to sustain 
marine life downstream from the mills. 
The feasibility of the system will de- 
pend on resultant turbine power loss 
and damage. The development of a 
revolutionary mechanical aerator is 
presented by Zieminski et al. (160). 
Both vertical- and horizontal-type aer- 
ators were developed which, in large- 
scale tank tests, indicated they can 
effect an oxygen exchange of 1 lb for 
each 0.2 kwhr applied. This reduces 
by 50 per cent the power requirements 
of devices of this kind and should find 
application for river aeration, fermen- 
tation, and waste aeration processes. 

Extensive interest has been shown 
in the development of wood pulp poten- 
tials in California and southern Ore- 
gon. <Arvola (13) reports on a study 
conducted with the objective of deter- 
mining the relationship of water qual- 
ity and pollution control problems to 
the pulp mill potential in the State of 
California. The characteristies of var- 
ious pulp and paper mill effluents are 
presented by Gaudy (51). Effluent 
characteristics and some of the prob- 
lems of the pulp industry in Washing- 
ton are presented by Neale (117). 


Sulfite 


Although sulfite pulp represents only 
about 13 per cent of the total U. S. 
pulp production, the disposal and re- 
covery problems involved are of vital 
importance. Pitkin and Crosby (122) 
give the daily spent sulfite liquor vol- 
ume in the U. S. as 34 mil gal contain- 
ing about 2,000 tons of chemicals and 
10,000 tons of lignin. The authors 
discuss four principal washing systems 
used, including blow pit plus vaeuum 
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rewasher, blow tank plus one or more 
vacuum rewashers, and blow tanks plus 
two or more washers in a closed counter 
current system. A panel discussion 
on pulp washing and collection of 
solids was also presented by Weston 
(157). 

The sulfite liquor problem remains a 
primary target of researchers inter- 
ested in by-product development. Ro- 
mano (130) reports on a study under- 
taken to investigate the feasibility of 
utilizing a fungus fermentation to con- 
vert sugars in spent sulfite liquor to 
fumarie acid. Based on total amount 
of sugar available, fumarie acid yields 
of 40 per cent by weight were obtain- 
able, with 75 per cent sugar removal. 
Dyck (46) describes the Torula yeast 
plant of Charmin Paper Mills which 
has sufficient capacity to process all 
the company’s spent sulfite liquor into 
5,000 annual tons of high quality pro- 
tein product. The process of manu- 
facturing and uses of Torula yeast are 
outlined. Brown (21) conducted a 
study to determine the potential market 
value of Torula yeast and bacterial 
protein concentrate, if these products 
were to be produced in the Pacific 
Northwest. Large scale production 
would be dependent on their utilization 
as a high-protein feed supplement. 
The predicted feeding values average 
slightly over 4¢/lb for Torula yeast 
and over 5¢/lb for bacterial concen- 
trate. 

The operating procedures at two 
sulfite alcohol plants in Sweden are de- 
scribed by Carlson et al. (27). Studies 
of the effect of various factors on spent 
sulfite liquor fermentation are sum- 
marized and the system for distilling 
and purifying is described. A patent 
has been issued to Baecklund (15) on 
a process of recovering ethyl alcohol 
from spent sulfite liquor which com- 
prises: fermenting the liquor; evapor- 
ating it in multiple effect evaporator; 
distilling alcoholic condensate from one 
or more of the effects in exhausting, 
purifying, rectifying, and demethan- 
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alizing columns; and condensing the 
distilled vapors in the first effect of 
the evaporator. The problems of the 
Seandinavian countries are discussed 
by Makkonen (98). The present util- 
ization of spent sulfite liquor for the 
production of alcohol, yeast, and road- 
binder is not sufficient to alleviate the 
pollution problem. The best solution 
in these countries appears to be com- 
bustion of spent sulfite liquor with 
recovery of 60 to 70 per cent of heat. 
It is estimated that if the pollution 
problems were solved, Finland could 
double its production of paper and 
board. 

Gfeller (56) used various strains of 
Lactobacillus which rapidly degraded 
and fermented the sugars (both hex- 
oses and pentoses) in spent sulfite 
liquor to produce lactie acid. Several 
Clostridium strains were found to be 
best for fermenting spent sulfite liquor 
into acetone and butanol. Miiller (113) 
found that under optimum fermenta- 
tion conditions up to 80 per cent of the 
sugars and 50 to 80 per cent of the 
acetic acid were consumed in the bu- 
tanol-acetone fermentation. 

Harmon (66) diseusses the use of 
spent sulfite liquor for roadbinder and 
a patent has been issued to Freeman 
(50) eovering a method of stabilizing 
and waterproofing road surfaces with 
a mixture of spent sulfite solids, water, 
and tarry residues from coal distilla- 
tion. Many additional by-product de- 
velopments are reported in the techni- 
cal and patent literature (24) (58) (60) 
(70) (74) (123) (149) (150). A novel 
process of recovering sugars from spent 
sulfite liquor involving solvent extrac- 
tion is outlined by Luner et al. (96). 

Although by-product development 
may offer a tremendous potential, the 
market at the present time is inade- 
quate to solve the pollution problems 
of the major segment of the sulfite 
industry. At the present time, the 
various recovery systems offer the most 
promising solution. The first recovery 
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for the recovery of spent sulfite liquor 
has recently been placed in operation 
at Brown Company’s plant and is de- 
secribed by Van Derveer (151) and in 
a number of other articles (30) (34) 
(36). The conversion of the mill to 
magnesium base pulping cost over $5 
million and utilizes the largest recovery 
furnace in the world. The waste liquor 
is evaporated and burned in a furnace 
which will burn 750,000 Ib/day of red 
liquor at 60 per cent solids. Chemicals 
are recovered from the flue gases. 
Studies on the magnesium base pulp- 
ing process by Tomlinson ef al. (146) 
led to the Magnefite process, which in- 
volves cooking with magnesium bisul- 
fite solution without the normal excess 
of SO. and using a higher combined 
SO. concentration than that used for 
acid sulfite production. Modification 
of the existing recovery system as part 
of the Magnefite process is described 
and its advantages are shown. A plant 
which effectively destroys over 97 per 
cent of the total spent sulfite liquor 
is described by Hawks (68). The two- 
part operation comprises collecting the 
ammonia-base spent sulfite liquor in a 
closed system and evaporating and 
burning the residue. Advantages and 
disadvantages of the system are pointed 
out. 

The atomized suspension technique de- 
veloped by Gauvin (52) and Lee et al. 
(92) is receiving extensive interest but 
no large seale trials are being scheduled 
by the sulfite industry. The process 
consists of atomizing the liquor in the 
absence of air or other foreign gases 
into the top of a tower, the walls of 
which are maintained at a high tem- 
perature, and of passing the suspension 
of droplets through successive zones of 
evaporation, drying, and chemical treat- 
ment, as it proceeds down the tower. 
Separation of solids and gases is accom- 
plished by conventional means. <A plant 
utilizing the Zimmermann (161) wet 
combustion process for oxidizing spent 
sulfite liquor is being built for the 
Borregaard Paper Co., Norway, for 
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burning waste liquor. In the proc- 
ess, preheated liquor is fed into a 
reactor where it is mixed with air 
under high pressure. Typical condi- 
tions in the reactor are 500 to 600°F 
and 1,000 to 2,200 psi. The gases pro- 
duced are expanded through a turbine, 
which supplies power for the air com- 
pressors and pumps. Additional work 
on wet combustion is reported by Ced- 
erquist (29). Evaporation and burn- 
ing of spent sulfite liquor are also 
discussed by Ulfsparre (148). 

Henley (73) investigated the effects 
of atomic radiation on pulp mill wastes 
and waste constituents. <A _ 1,400-c 
Cobalt © isotope source was used and 
the samples were exposed to doses 
from 1 to 10 million r. Results in- 
dicated that BOD of spent sulfite liquor 
was slightly increased by doses up to 
10 million r and that reasonable doses 
of radiation produced no _ beneficial 
effects. A patent on concentrating 
spent sulfite liquor by refrigeration has 
been issued to Reinert (126) and an- 
other concentrating process has been 
patented by Goddard (59). Spray 
drying of spent sulfite liquor is dis- 
cussed by Meinhold and Riis (105). 


Kraft 


A survey of water usage in the 
southern kraft industry was conducted 
by a canvass of 30 large mills in 10 
states manufacturing over 80 per cent 
of the pulp produced in this area 
(115). Notable in the information 
collected is the widespread and in- 
creasing reuse of process water. Water 
usage reduction has been accompanied 
by a substantial decline in sewer losses. 
This report points out what has, and 
can be accomplished in water reuse as 
well as in the reduction of pollutional 
material reaching the mill sewer. 

Color removal from kraft mill bleach 
liquors remains a problem and is being 
studied at the National Council for 
Stream Improvements’ Louisiana State 
University project (116). Experiments 
conducted, indicated that practically 
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all the color could be removed from 
kraft pulping and caustic extract efflu- 
ents by filtration through a bed of 
hydrated lime. Bench-scale tests ap- 
peared promising and a_ large-scale 
pilot plant is being erected at a south- 
ern pulp mill. Tanaka et al. (145) 
present a clarifications process using 
iron or aluminum scrap which reduced 
the color intensity to a level of about 
15 to 33 per cent and the BOD to about 
30 per cent of the original value. Scrap 
iron or aluminum is dissolved under 
constant aeration in the chlorine-carry- 
ing waste liquor of the bleaching proc- 
ess, and the resulting liquor is mixed 
with the colored alkali extraction waste 
liquor. The ferric or aluminum hy- 
droxide produced, absorbs and pre- 
cipitates organic colloids and absorbs 
coloring matter from the combined 
waste liquors. 

Biological purification studies were 
reported by Marezek and Zielinski 


«100). Four types of effluents were 
passed through aerated vessels con- 
taining activated sludge and _ then 


through trickling filters. Average BOD 
reductions of 90 to 95 per cent were 
obtained. The effluents were non-toxic 
to fish and were odorless. The full- 
scale activated sludge plant of the 
West Virginia Pulp and Paper Co. is 
described by Pearman and Burns (120). 
Pulping wastes are settled and mixed 
with bleach plant wastes, activated 
sludge, and nutrients. The mixed wastes 
then flow to combination aeration and 
settling tanks. The effluent goes di- 
rectly to the river. The plant has a 
design capacity of 16 mgd and after 
one year of operation, the treatment 
plant has effected a recovery of 15 
miles of stream. 

Some activity in by-product recovery 
from kraft liquors was reported. Hearon 
(69) presents a new process for the 
production of dimethyl sulfide from 
alkaline lignin. The lignin in kraft 
black liquors is reacted with sulfur at 
elevated temperature and pressure to 
vield dimethyl sulfide. The engineer- 
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ing details of the process are also pre- 
sented by Meyer and Coma (108) and 
a Canadian patent has been issued to 
Cisney and Wethern (31). Shellow 
and Pickens (138) present a modifica- 
tion of the standard type of sulfate 
soap collection system which recovers 
up to 175 lb of sulfate soap per ton 
of pine pulp. 


Semi-Chemical 


Shaffer (137) discusses the three com- 
mercial processes which have been de- 
veloped for the recovery of neutral semi- 
chemical wastes—the Mead, Institute, 
and Western Precipitation processes. 
All three processes use the kraft type 
furnace. The Mead process operates 
by separating the sulfur from the 
sodium by carbonation of the green 
liquor with waste flue gas. The In- 
stitute process involves direct sulfita- 
tion of the green liquor. The Western 
Precipitation process uses the furnace 
as a ecarbonator and by increasing 
green liquor concentration, sodium car- 
bonate is salted out. The first com- 
mercial-seale installation of the West- 
ern Precipitation method has been 
built at Consolidated Water Power and 
Paper Company and this installation 
will process semi-chemical liquor (5) 
(18). Whitney et al. (158) have been 
issued a patent on the Institute proc- 
ess. The first commercial installation 
of the Mead process is discussed by 
Darmstadt (37). More than 80 per 
cent of the daily cooking chemical re- 
quirements have been supplied by the 
recovery process during normal operat- 
ing periods. 

The possibility of economic recovery 
of acetic and formie acids from semi- 
chemical black liquors is discussed by 
Othmer (119). One possible method 
of recovery involves evaporating the 
spent liquor, treating it with sulfuric 
acid to liberate formic and acetie acids, 
and extracting with a suitable solvent. 
Formie and acetie acids are separated 
and the solvent is recovered by an 
azeotropie distillation. Diehl (41) 
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gives a description of the recently com- 
pleted expansion program at the So- 
noco Products Company which was re- 
quired to permit the economic opera- 
tion of the new commercial installation 
for manufacturing acetic and formic 
acids from black liquor. A Canadian 
patent has been issued to Copenhauer 
et al. (33) covering a process for acetic 
and formic acids recovery from black 
liquor. 

Small-seale recovery experiments 
have also been conducted using the 
atomized suspension technique by Lee 
and Gauvin (91). Jackson and Brown 
(80) published on the oxidation of 
spent semi-chemical liquors by the 
Zimmermann process. It was found 
that the oxidation equipment was easy 
to operate, corrosion was non-existent, 
and 92 per cent of the original oxygen 
demand was removed. A discussion of 
the principal problems encountered in 
the evaporation of neutral semi-chem- 
ical spent liquor and possible solutions 
is presented by Dedert and Brown 
(39). 

Activated sludge treatment studies 
were conducted by Robbins (128) who 
found that BOD reductions of 73 to 
99 per cent could be obtained at 
loading rates as high as 325 1b/1,000 
cu ft of aerator capacity when treating 
a liquor having an initial BOD of 9,600 
mg/l. Seed sludge concentrations as 
high as 12,000 mg/1 were carried in 
the system. 


Paper Mill 


A great number of articles have been 
published covering the subject of fiber 
recovery from white water. Klinger 
(87) discusses the flotation type of 
equipment covering Sveen Pederson, 
Adka, Sediflotor, and Aeroflotor de- 
signs. Some of the advantages of the 
flotation saveall inelude its small size 
and its low costs of maintenance, in- 
stallation, and supervision. The prin- 
ciples of paper mill effluent purifica- 
tion by filtration, sedimentation, and 
flotation are discussed by Klenor (86) 
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and the relative advantages and dis- 
advantages of the Joston system are 
presented. A general review covering 
the treatment of paper mill wastes is 
given by Waldmeyer (154), and Smith 
and Schirtzinger (140) present a pro- 
gram for controlling paper machine 
effluent losses. 

The Kienzle mechanical filter system 
developed by Voith in Austria is de- 
seribed by Zettl (159). In this system 
the filtered layer is formed on a rotary 
screen by multistage suction. The 
filtered water, still containing some 
fibers, is evacuated and used to dilute 
the next charge to the filter, thus con- 
stituting a closed cycle. The recovered 
fibers are removed and reused. A con- 
tinnous cleaning mechanism for the 
screen assures effective filtration even 
with large amounts of resinous mate- 
rials. 

Waste discharges into the Kalamazoo 
River have been cut effectively by one 
mill through the use of a Cyclator 
installation (11). White water from 
two paper machines flows into the in- 
stallation at a rate of 6 mgd. Activated 
silica and alum are used as coagulants. 
Sludge is pumped into settling basins. 
Half of the water recovered from the 
Cyclator tanks is chlorinated and re- 
eyeled to the paper machines and the 
remaining water is pumped to the 
river. 

Schmidt (135) discusses a treatment 
method for strawboard effluents, based 
on the flocculation of effluents with 
ammonia and alum; ammonia must be 
added first followed by the addition of 
alum. The procedure followed in plant 
trials is described, and the costs of the 
purification process are evaluated. 

Miner and Keating (110) describe 
the recovery operation at the Stony 
Brook, N. J., boxboard mill which has 
a production capacity of 175 tons/day. 
Based on pilot-plant studies a recovery 
plant was constructed which includes 
a bar sereen built into the white water 
pit, a surge tank elevated to provide 
gravity flow through the rest of the 
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system, a rotary sprinkler to break up 
foam at the top of the open tank, and 
a sludge-contact clarifier of the Graver 
Reactivator type. 

A description is given of the effluent 
purification plant of Edward Towgood 
and Sons, Great Britain (12), makers 
of specialty papers from rag and other 
stock. The rag bailer effluent is 
metered into the main effluent which 
is screened, and discharged into settling 
tanks. The supernatant is discharged 
to the river and the sludge is reduced 
to a cake containing 60 to 70 per cent 
moisture in a rotary vacuum (filter. 
The cake is consigned to industry as 
raw material. 
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Tannery Wastes 


Haseltine (67) discussed the joint 
treatment of tannery wastes and mu- 
nicipal sewage in Williamsport, Penn- 


sylvania. The plant in Williamsport 
built to treat these wastes was designed 
to handle average and maximum flows 
of 1.1 and 2.1 mgd, respectively. In- 
dustrial wastes amount to about 400,000 
gpd when the tannery is operating at 
capacity. The treatment plant incor- 
porates primary treatment and chlor- 
ination with vacuum filtration and in- 
cineration of the undigested sludge. 
The operation results show that the 
apparent average BOD removal in the 
plant was 54 per cent while the sus- 
pended solids removal was only 13.7 
per cent. This is in marked contrast 
to the performance obtained in prior 
tannery waste treatment facilities where 
sedimentation removed 24.7 per cent of 
the BOD and 81 per cent of the sus- 
pended solids. The difference in re- 
sults obtained with the tannery-munic- 
ipal waste mixture was attributed to 
chemical reactions occurring between 
the sewage, tannery waste, and vacuum 
filter filtrate. It was postulated that 
coagulation of matter originally pres- 
ent in the dissolved state materially 
increased the suspended solids load 
but removal of a small amount of this 
material effected a much higher BOD 
reduction than would normally be 
expected. Operation problems en- 
countered in vacuum filtration, incin- 
eration, and pre-aeration were also 
discussed. 

Rosenthal (131) (132) described ex- 
periments in which the wastewaters 
from a tannery in Ayer, Massachusetts, 
were treated biologically on trickling 
filters and by activated sludge. The 
wastewaters discharged from the tan- 
nery had a pH of 11.8 and a total 
alkalinity of 1,100 mg/l as ecaleium 
carbonate. Carbonation with flue gas 
followed by sedimentation was used to 
lower the pH and reduce the alkalinity 
of the waste prior to biological treat- 
ment. The treated wastewater was 
mixed with domestic sewage and treated 
successfully on high-rate laboratory 
trickling filters. No deposition of eal- 
cium on the filter was observed. Ex- 
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periments in which the activated sludge 
process was used to treat the waste 
indicate that reductions in BOD of 
more than 95 per cent can be achieved 
with loadings up to 100 lb/day/1,000 
cu ft of aeration capacity per day. 
The construction and operation of 
a large-scale experimental plant for 
the treatment of 200 cu m of domestic 
sewage, 120 cu m of dairy waste, and 
300 cu m of tannery wastewaters are 
described by Bruhne (22). The plant 
was designed to operate by the Niers 
Process in which flocculation is effected 
by iron hydroxide formed in the waste- 
waters by aeration and agitation of 
iron filings in a hopper bottom tank. 
The plant includes a preliminary sedi- 
mentation tank and equalization tank, 
precipitation tank, sedimentation tank, 
trickling filter, and sludge ponds. The 
method of treatment proved satisfac- 
tory if the pH was maintained in the 
alkaline range. Chemical treatment 
reduced, on the average, the perman- 
ganate demand by 79 per cent, the 
BOD by 93 per cent, and further im- 
provement was effected by biological 
treatment. The optimum results were 
obtained when periods of retention of 
1 hr in the precipitation tank and 2.5 
hr in the sedimentation tank were used. 
The report includes detailed results of 
operation from June 1954 to October 
1955 and construction costs are given. 
A valuable contribution was made 
by Masselli et al. (101) to the problem 
of tannery waste by giving a descrip- 
tion of the processes producing wastes 
and processes employed for the treat- 
ment. In terms of 1,000 lb of wet hides 
processed, pigskin tanning produced 90 
to 100 lb of BOD and calfskin tanning 
produced 70 to 80 lb of BOD. The 
bulk of this load is produced by soak, 
unhair, and de-lime and bate. Protein 
and other substances extracted from the 
hide produced 50 to 70 per cent of the 
total load, the balance being produced 
by the process chemicals. Sulfide used 
in unhairing produced 10 to 20 per 
cent of the BOD. The volumes and 
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composition of the wastes produced are 
given. The concentrated process wastes 
are discharged intermittently giving 
rise to great fluctuations in concentra- 
tion unless equalized. The ingredients 
causing trouble are lime, sulfide, chro- 
mium, tannin, and resultant sludge. 
Sedimentation is necessary and pro- 
duces 5 to 10 per cent by volume of 
sludge. In secondary treatment the 
pH value should be lowered to 9.0 by 
carbonation with flue gas. Trickling 
filters and activated sludge treatment 
will reduce the BOD by 85 to 95 per 
cent and sulfide by 100 per cent. If 
discharging to municipal sewers, equal- 
ization, settling, and reduction of total 
hardness should be practiced. 
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Textile and Wool Scouring 
Wastes 


Ingols (78) reviewed the sources and 
components of textile wastes, the dif- 
ficult factors that arise, and the methods 
that have been successfully utilized in 
treating these wastes. Souther and 
Alspaugh (142) also reviewed the 
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sources of textile wastes and some of 
the methods available to reduce pollu- 
tional loads from these sources. They 
also reported some additional results of 
their research on the biological oxida- 
tion of alkaline textile wastes by small 
pilot-plant trickling filters. From their 
studies they have concluded that the 
amount of textile waste that can be 
treated without pretreatment on a 
trickling filter is limited by the amount 
of hydroxide alkalinity rather than by 
the pH of the waste. They have also 
found that for every 0.1 mg/l of chro- 
mium in the waste there was an ap- 
proximate loss of 1 per cent in BOD 
removal efficiency. 

Petru (121) has shown that a trickling 
filter handling reused retting waste can 
be put in operation within a day after 
the waste is applied so that it can be 
used in factories working only sea- 
sonally. At the end of the retting season 
the final treatment is difficult because 
of the high concentration of dissolved 
solids and high pH value. Dilution of 
this waste with river water improves 
the final treatment. 

The use of ‘‘dispersed growth aera- 
tion’’ for the treatment of flax retting 
waste in England has been investigated 
to determine if the effluent produced is 
suitable for reuse (57). Of special 
interest is the effect of the process on 
removal of iron and volatile fatty acids. 
The necessary reduction in fatty acids 
was achieved after 24 hr of aeration in 


the presence of suitable microorgan- 
isms. Tests in which the retting wastes 


were seeded with various microorgan- 
isms indicated that inoculation with £. 
coli followed by aeration for 24 hr 
caused a 60 to 70 per cent reduction in 
iron content. The only method, how- 
far found suitable to reduce 
the iron sufficiently (to less than 0.5 
mg/l) to permit reuse of the water con 
sists of aeration after inoculation with 
yeast, followed by coagulation with lime 
and sedimentation. 

In a Russian investigation (136), the 
possibility of using wool industry 
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wastewaters, containing chromium, for 
irrigation purposes has been investi- 
gated both in laboratory experiments 
and in the field. It has been deter- 
mined that concentrations of more than 
0.1 mg of trivalent or hexavalent chro- 
mium per 100 g of soil inhibit nitrifica- 
tion. Irrigation of soil with waste- 
waters containing chromium caused a 
2- to 10-fold increase in concentration 
of chromium in the soil down to a depth 
of one meter. Vegetables grown on 
soil irrigated with the wastewaters con- 
taining chromium had 3 to 10 times 
more chromium than those grown on 
soil irrigated with water devoid of 
chromium. 
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117 (1958). 


ultimate disposal of these effluents; by 
Newell (96), who indicated the pur- 
pose and scope of research and de- 
velopment activities carried out by the 
Atomie Energy Commission ; by Straub 
(120) (121) (122), who described the 
work of the AEC and others in the 
handling and treatment of radioactive 
waste materials; by Terrill (125), who 
pointed out that reactor operations and 
uses of radioisotopes constituted the 
source of immediate problems in this 
area; by the AEC (132), who outlined 
waste disposal standards, the present 
waste situation, and future programs 
for waste disposal research and de- 
velopment; and by Jammet (70), who 
indicated the somatic and genetic ef- 
fects of radiation (including waste 
sources) on human beings. 

Cason (38) prepared a selected bibli- 
ography of books and periodical articles 
relating to radioactive waste disposal. 
An annotated bibliography containing 
698 references on current and proposed 
radioactive waste processing and dis- 
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posal practices, decontamination of sur- 
faces, air cleaning, and other related 
subjects was compiled by Voress, Davis, 
and Hubbard (135). A wide selection 
of unclassified report, journal, and 
book references to publications on the 
treatment of gaseous, liquid, and solid 
radioactive wastes was released by the 
United Kingdom Atomie Energy Au- 
thority (131). 

The references have been organized 
under the subject headings of mining 
and milling operations; fuel reprocess- 
ing; and waste handling, treatment, and 
disposal. 


Additional References 


Abbatt, J. D., and Willson, B. D., ‘‘ Principles 
of Waste Disposal from Nuclear Power Sta- 
tions.’’ Atomic Energy Rev., 1, 106 (1957). 

Anon., ‘‘Outlook for Waste Disposal.’? Nu- 
cleonics, 15, 11, 155 (1957). 

Blythe, H. J., ‘‘Safe Disposal of Radioactive 
Wastes.’’ Chem. Eng. Mining Rev., 49, 8, 
59 (1957); Chem. Abs., 51, 15291 (1957). 

Branea, G., ‘‘Treatment and Ultimate Dis- 
posal of Radioactive Wastes.’’ Ingegneria 
Sanitaria, 5, 152 (Sept.—Oct. 1956); Pub. 
Health Eng. Abs., 38, 7, 14 (1958). 

Christ, W., ‘Radioactive Impurities in Sur- 
face Waters and Their Control.’’ Wasser- 
wirtsch. Tech. (Germany), 7, 379 (1957); 
Water Poll. Abs. (Brit.), 31, 1649 (Aug. 
1958). 

Dieterich, B., ‘‘ Production, Properties, Reuse, 
and Treatment of Radioactive Waste Wa- 
ters.’’ Stadtehygiene, 9, 10 (1958); Water 
Poll. Abs. (Brit.), 31, 2020 (Oct. 1958). 

Jaeger, T., ‘Disposal of Radioactive Wastes. 
I.’’? Atomkernenergie, 3, 190 (1958) ; Chem. 
Abs., 52, 19525 (1958). 

Jaeger, T., ‘‘ Disposal of Radioactive Wastes. 
II.’? Atomkernenergie, 3, 273 (July 1958) ; 
Nuclear Sci. Abs., 12, 19, 13077 (Oct. 15, 
1958). 

Kuster, J. E., ‘‘ Waste and Disposal System.’’ 
U. S. Atomic Energy Comm. Rept. CF-56- 
10-15 (Oct. 1956). 

Manowitz, B., and Rodger, W. A., ‘‘Status of 
Radioactive Waste Processing and Accumu- 
lation in Presently Operating AEC Re- 
search and Production Sites.’’? U.S. Atomic 
Energy Comm. Rept. BNL-1091 (Apr. 
1951). 

Otozai, K., 
Wastes.’’ 


‘‘Treatment of Radioactive 
Kagaku (Japan), 12, 298 


(1957) ; Chem. Abs., 52, 19523 (1958). 
Saddington, K., ‘‘ Fission-Products Disposal.’’ 
Chem. Trade Jour., 142, 260 (1958). 
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Spicyn, W. J., ‘‘Problems of Radioactive 
Waste in Modern Technique.’’ Nucleonika 
(Poland), 2, 451 (1957); Nuclear Sci. Abs., 
12, 7, 4784 (Apr. 1958). 

Terrill, J. G., ‘Radioactive Waste Discharges 
from Nuclear Reactors.’’ THIS JOURNAL, 
30, 3, 270 (Mar. 1958). 

Townsend, H. D., ‘‘Solving the Radioactive 
Wastes Problem.’’ Jour. Florida Eng. 
Soc., 11, 2, 35 (1957). 

U. 8. Atomic Energy Commission, ‘‘ Meeting 
of the AEC Waste Processing Committee, 
June 26-28, 1950. Part I.’’ U. 8. Atomic 
Energy Comm. Rept. KAPL-364, Part 1 
(Sept. 27, 1950). 

Watson, K. S., ‘‘Waste Treatment in the 
Atomic Age.’’ THIS JOURNAL, 29, 8, 901 
(Aug. 1957). 


Mining and Milling Operations 
Uranium and Thorium 


The new Davison Chemical Company 
feed materials plant at Erwin, Ten- 
nessee, which employs the pulse-type 
solvent extraction process for purifica- 
tion of uranium and plutonium, was 
described (16). Thorium and uranium 
industrial sources 
were converted to thorium oxides, 
metal, or alloys and to uranium oxides, 
tetrachloride, metal alloys, and other 
components. 


Additional References 

Bridger, G. L., Shaw, K. G., and Whatley, M. 
E., ‘‘I. Process for Production of Pure 
Thorium and Uranium Nitrate from Mona- 
zite’’; Wilhelm, H. A., Tucker, W. D., 
Giffen, R. H., and Fisher, R. W., ‘‘II. 
Purification of Thorium Nitrate and the 
Subsequent Production of Thorium Oxide.’’ 
U. S. Atomic Energy Comm. Rept., ISC-134 
(Feb. 26, 1957). 

MeNamee, R. J., and Wischow, R. P., ‘‘ Monex 
Process: Terminal Report.’’ U. 8. Atomic 
Energy Comm. Rept., ORNL-1873 (Mar. 21, 
1957). 


Uranium 


Flow sheets for processing uranium 
ores appeared in the literature. These 
included the Plum process for upgrad- 
ing uranium ores (19) ; the Le Bouchet 
(France) plant process for converting 
ore concentrate to sodium uranate, 
processing the uranate into oxide, and 
reducing the oxide to a metal of 99.999 
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per cent purity (94); and a patented 
process for producing uranium metal 
by reducing UF’, with magnesia (108). 

Low-grade uranium concentrates were 
enriched by sulfurie acid dissolution 
followed by precipitation with lime or 
magnesia (56). In a patented process 
(129), sulfuric acid was added to the 
uranium-bearing solution to bring the 
pH to about 1.4, and aluminum metal 
was used as a reducing agent to convert 
hexavalent uranium to the tetravalent 
state, which precipitated selectively as 
the pH rose. 

The effect of roasting on the applica- 
tion of carbonate leaching to carnotite 
ores to obtain simultaneously high re- 
coveries of uranium and vanadium was 
discussed (63). Thunaes et al. (128) 
proposed leaching uranium from high 
carbonate ores at a temperature of 
about 200°C and a pressure of about 
200 psi with a solution containing al- 
kali carbonate, alkali permanganate, 
and bicarbonate ion, the bicarbonate 
ion functioning to prevent premature 
formation of alkali hydroxide and 
consequent precipitation of diuranate. 
After leaching is complete, the ura- 
nium is recovered by precipitation with 
NaOH. 

A new resin for the recovery of U 
from H2SO, leach liquors—Permutit 
SK for resin-in-column operation and 
Permutit SKB for resin-in-pulp op- 
eration—was described (60). It was 
said to have a high U absorption rate 
and a fast, complete U elution rate, 
with good physical and chemical sta- 
bility. Preparation of UF, by ion ex- 
change and electrolysis from impure 
natural U in ore leach liquors, ore con- 
centrates, or from reactor-irradiated 
U partially decontaminated by solvent 
extraction (Excer Process) was de- 
tailed by Higgins et al. (67). The ap- 
plicability of acid leach resin-in-pulp 
and counter current decontamination 
solvent extraction to Lakeview, Oregon, 
ores was reported by Millsap and Shim- 
min (90) and of alkaline leach-resin-in- 
pulp to Todilto, Mesa Top, and La Sal 
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ores by Thomas and Shimmin (127). 
Use of small amounts of saturated 
aqueous solutions of uranyl nitrate for 
the back extraction of an ether solution 
of uranyl nitrate and impurities arising 
from the HNOsg leaching of ore was the 
basis of a patent granted to Ruhoff and 
Winters (109). A patent was issued to 
Wibbles and Miller (144) for the sep- 
aration of molybdenum particularly 
as silicomolybdie or phosphomolybdic 
acids by contact with activated charcoal 
from uranium in ether solutions. 

Harrington and Ruehle (64) de- 
scribed the method for preparing UO2 
from hexafluoride through an ammo- 
nium diurinate intermediate (referred 
to as ADU brown oxide) and described 
the improved property of this material 
as a fuel. 

Tsivoglou ef al. (130) and Whitman 
and Porter (143) concerned themselves 
with the problems associated with the 
release of waste materials from ore 
processing plants. Studies made in 
1955 and 1956 (130) below a number 
of mills in the Colorado plateau area 
showed definite evidence of accumula- 
tion of radium and other wasted radio- 
isotopes in river mud and biological 
forms below most mills. Below one 
mill, algae samples were found to have 
1,500 times the radium content of 
algae taken from a station above the 
mill. Similar findings were indicated 
for insect samples. Uranium milling 
operations may pollute water supplies 
with iron and manganese, sulfate, ni- 
trate, magnesium, uranium, chloride, 
and dissolved solids (143). The spe- 
cifie pollutants depend on the particu- 
lar flow sheet considered. The severity 
of the pollution problem depends on 
the size, quality, and ultimate usage of 
the receiving waters, while the legal 
aspects depend on the specific state 
laws involved. 

The economic problems of extracting 
uranium from various grade minerals 
were examined by Sartorius (110) 
along with the chemical treatments 
necessary for their solution. 
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Thorium 


A patent for the recovery of thorium 
from impurities found in a slag was 
granted to Fisher (57). In another 
process described by Fletcher and Ash- 
worth (58), crude thorium hydroxide 
was dissolved in excess nitric acid, 
boiled to break down any phosphate 
complexes, and extracted with tributyl 
phosphate containing a non-polar or- 
ganic solvent. Sodium amalgam re- 
duction of thorium chloride to thorium 
metal (Metallex Process) was detailed 
by Dean and Ellis (44). 


Additional References 


Fleck, H., ‘‘ Problems of Leaching and Diges- 
tion of Uraniferous Slags.’’ U. 8. Atomic 
Energy Comm. Rept. NYO-1136 (1951). 

Fleck, H., and Summer, J. E., ‘‘ Problems of 
Refining Uraniferous Residues.’’ U. 8S. 
Atomic Energy Comm. Rept. NYO-1159 
(1953). 

Joknson, E. R., Doyle, R. L., Mallotte, W. H., 
and Rutenkroger, E. O., ‘‘The Recovery of 
Uranium from Ether Extraction Waste 
Residues.’’ U. 8. Atomic Energy Comm. 
Rept. FMPC-532 (1955). 

Kellex Corp., ‘‘ Bulk Storage of Radium Cake 
—Preliminary Cost Estimates.’’ U. S&S. 
Atomic Energy Comm. Rept. KLX-015 
(Del.) (Feb. 26, 1957). 

MeNamee, R., and Wischow, R. P., ‘‘Monex 
Process: Terminal Report.’’ U. 8. Atomic 
Energy Comm. Rept. ORNL-1873 (Mar. 21, 
1957). 

Robles, E. G., ‘‘A Report on the Recovery of 
Uranium from Residues Containing Large 
Amounts of Phosphate.’’ U. S. Atomic 
Energy Comm. Rept. NYO-5160 (1946). 

Saunders, E. R., and Carosella, M. C., ‘‘Ex- 
perimentation on the Extraction of Ura- 
nium from Western Ores. 1. Pressure Di- 
gestion Tests with Sodium Carbonate and 
Sodium Bicarbonate. 2. Precipitation Tests.’’ 
U. S. Atomie Energy Comm. Rept. AECD- 
3767 (Jan. 23, 1957). 

Valle-Riestra, J. F., ‘‘Carnotite Solvent Ex- 
traction Process: Process Description.’’ 
U. S. Atomie Energy Comm. Rept. DOW- 
123 (Mar. 6, 1958). 

Whatley, M. E., and Bridger, G. L., ‘‘ Solvent 
Extraction of Solutions Containing Rare 
Earths. Preparation of Thorium Com- 


pounds from Monazite by Sulfurie Acid 
Decomposition and Solvent Extraction.’’ 
U. S. Atomie Energy Comm. Rept. ISC-115 
(1950). 
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Fuel Reprocessing 


In two articles, Anderson reviewed 
fuel reprocessing by aqueous methods, 
including Redox and Purex processes, 
enriched fuels, thorium processing, 
batch dissolution, solvent extraction, 
‘*head-end’’ processes, and ultimate 
processes (7); and high (volatility) 
and low (aqueous and pyrometallurgi- 
cal) decontamination processes (8). A 
conceptual design was presented of a 
multi-purpose chemical processing plant 
for reprocessing spent reactor fuel ele- 
ments (133). This plant used a num- 
ber of parallel dissolution systems with 
a common aqueous extraction system 
based on the Purex process. Schematic 
flow diagrams were included for the 
over-all plant, the dissolution processes, 
a radioactive off-gas facility, the ex- 
traction system, and for processing 
procedures for various fuel types. A 
standard daily chemical processing 
charge of $13,300 was established. The 
best solution for low cost processing of 
fuel elements was a packaged reproc- 
essing plant designed to recover ura- 
nium, plutonium, and _ radioisotopes 
(17) (87). The extraction of cesium- 
137 and strontium-90 from other fission 
products would simplify waste storage 
and disposal. 


Additional References 


Armstrong, W. W., Gilbert, E. R., and 
Maloney, J. O., ‘‘Survey and Separation 
Process. I. General Conclusions and Com- 
parisons.’? U. S. Atomic Energy Comm. 
Rept. CN-1017 (1957). 

Bailes, R. H., ‘‘ Progress Reports for January, 
February, March, 1949.’’ U. S. Atomic 
Energy Comm. Repts., DOW-11 (Dee. 28, 
1955), DOW-12 (Dee. 28, 1955), and DOW- 
13 (Mar. 14, 1958). 

Bailes, R. H., ‘‘Progress Reports for July, 
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Energy Comm. Repts., DOW-17 (Dec. 28, 
1955), DOW-18 (Mar. 14, 1958), and DOW- 
19 (Dee. 28, 1955). 

Binford, F. T., ‘‘Criteria for Use in the 
Estimation of the Cost of Shipping Con- 
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Hylton, ©. D., ‘‘ORNL Metal 


M., and 
Recovery 


7 
a 
: 
4 7 
4. 
‘ 
= 
: 
Beers 


Plant: Processing of ORNL Graphite Re- 
actor Fuel Elements During the Period 
July and August 1955.’’ U. 8. Atomic 
Energy Comm. Rept. ORNL-2015 (1955). 

Culler, F. L., Jr., Blanco, R. E., Goeller, 
H. E., and Watson, C. D., ‘‘An Analysis 
of Power Reactor Fuel Reprocessing.’’ 
U. 8. Atomic Energy Comm. Rept. ORNL- 
2265 (Mar. 27, 1957). 

Elson, R. E., and Rubin, B., ‘‘ Radiation 
Effects in Aqueous Processing of the Fast 
Breeder Reactor.’’ U. 8. Atomic Energy 
Comm. Rept. LWS-22679 (1957). 

Foster, D. L., ‘‘The Caustic Dissolution of 
Unirradiated Uranium-Aluminum Alloy 
Fuel in a Trickle-Type Dissolver.’’ U. S. 
Atomic Energy Comm. Rept. CF-55-11-123 
(Apr. 4, 1957). 

Furman, N. H., and Mundy, R. J., ‘‘Ex- 
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Solutions.’’ U. 8. Patent 2,816,005 (Dec. 
10, 1957). 
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Comm. Rept. KLX-44 (Mar. 28, 1957). 

MeVey, W. H., ‘‘PWR Fuel Processing.’’ 
U. 8. Atomic Energy Comm. Rept. IDO- 
14373 (Mar. 14, 1957). 

Moore, F. L., ‘‘Liquid-Liquid Extraction 
of Uranium and Plutonium from Hydro- 
chloric Acid Solution with Tri (iso-octy]) 
Amine; Separation of Uranium and Pluto- 
nium from Thorium and Fission Products.’’ 
U. 8. Atomic Energy Comm. Rept. CF-57- 
6-61 (June 1957). 

Peterson, 8., ‘‘Chemical Separations Process. 
Part I. (Chapters 1-8, 10, and 11).’’ 
U. 8. Atomic Energy Comm. Rept. CF-53- 
12-150, Part 1 (1957). 

Shor, R. 8., and Vogler, 8., ‘‘ Process of 
Dissolving Zirconium Alloys.’’ U. 8. Patent 
2,820,692 (Jan. 21, 1958). 

Ullmann, J. W., and Arnold, E. D., ‘‘ Deeay 
and Storage of Irradiated Fuel.’’ U. 8. 
Atomic Energy Comm. Rept. CF-56-4-51 
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Pyrometallurgical Processes 


A study was made of the distribu- 
tion of Pu and the principal fission 
products between molten U and Mg. 
From these findings it was stated that 
a process for continuous extraction of 
Pu and fission products from molten 
U would be quite promising (26). 


Fused Salt-Fluoride Volatility 
Processes 


In an attempt to find a feasible 
method for the removal of rare earths 
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from liquid metal fuels, the reaction 
between fused Na, K, and Mg chloride 
eutectic mixture and liquid-Bi solution 
containing small amounts of rare earth 
and U was studied (68). The transfer 
of U to the salt phase was very low. 
Observations were reported of the be- 
havior of several fission product ele- 
ments in molten NaF-ZrF4-UF, fuels 
irradiated in the Aircraft Reactor Ex- 
periment (106). Statice tests showed 
that the rate of escape was very low, 
that ruthenium and niobium deposit 
on the Inconel walls of the fuel con- 
tainers, and that Sr, Zr, La, and Ce 
appear to remain in the fuel. It was 
also suggested that Zr ® replace Cs *%" 
as a fission monitor in such fuels. 

Wymer (147) presented a tentative 
flow sheet for fused fluoride salt dis- 
solution of U-Zr fuel material, and 
Burris and Dillon (34) a revised flow 
sheet for processing EBR-II fuels by 
oxidative slagging. 


Additional References 


Bareis, D. W., Mattern, K. L., Foltz, J. R., 
and Janeves, D. J., ‘‘A Program for a 
Pyroprocessing Development Experiment, 
Including Remote Refabrication of Reactor 
Fuel Assemblies.’’ U. S. Atomic Energy 
Comm. Rept. NAA-SR-Memo-1299 (1955). 

Cathers, G. I., and Bennett, M. R., ‘A 
Fused Salt-Fluoride Volatility Process for 
Recovery and Decontamination of Ura- 
nium.’’ U.S. Atomic Energy Comm. Rept. 
ORNL-1885 (Feb. 28, 1957). 


Homogeneous Reactors 


Insoluble corrosion (except nickel) 
and approximately 70 per cent of the 
fission products were effectively re- 
moved by centrifugal separation in a 
hydraulic cyclone operated at reactor 
temperature and pressure (33). 


Uranium Recovery 


A simple device to remove Al jackets 
from Hanford bonded U slugs was de- 
scribed by Alter et al. (3). For the 
industrial realization of uranium puri- 
fication by liquid-liquid extraction, a 
three-stage counter current centrifuge 
extractor was adopted by De Troy 
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(49). It was reported that extraction 
conditions may be varied over a wide 
range. The production capacity and 
efficiency of extraction were discussed. 
The use of specific resins containing a 
predominance of ethylamine groups at- 
tached to side chains, benzylamine, etha- 
nolamine, and diethenolamine groups 
was suggested by Arden (22) for the 
recovery of uranium in the presence of 
cobalticyanide. These resins will re- 
lease the cobalticyanide following treat- 
ment with suitable solution permitting 
continuous reuse. Smith (119) com- 
pared a moving bed continuous ion 
exchange system to a fixed bed system 
for use in concentrating and decon- 
taminating a U stream following the 
solvent extraction cycles in the Thorex 
process. 


Additional References 


Bridger, G. L., Shaw, K. G., Whatley, M. B., 
and Bochinski, J., ‘‘Production of Pure 
Thorium and Uranium Compounds by the 
Acid Dissolution of Monazite Sand.’’ U.S. 
Atomic Energy Comm. Rept. ISC-170 (Mar. 
27, 1957). 

Buffum, R. 8., Clark, R. E., Duffey, D. K., 
Quinn, G. F., and Tepe, J. B., ‘‘Ether 
Extraction as a Portion of Separations 
Process.’?’ U. 8. Atomic Energy Comm. 
Rept. CN-2492 (1957). 

Flanary, J. R., ‘‘(Purex Process) Second 
Uranium Cyele (CT-51).’’ U. S. Atomic 
Energy Comm. Rept. CF-51-8-85 (Aug. 10, 
1951). 

Lewis, G. W., Jr., and Rhodes, D. E., ‘‘ Metal 
Extraction Process.’’ U.S. Patent 2,812,233 
(Nov. 5, 1957). 

Kelchner, B. L., ‘‘The Decontamination of 
Uranium from Fission Products by the 
Use of the Uranyl Oxalate Precipitation 
Reaction.’’ U. 8. Atomic Energy Comm. 
Rept. LAMS-1245 (1951). 

Kellex Corporation, ‘‘Waste Metal Recovery 
Process Engineering Summary Report for 
July 18, 1949-March 1, 1950.’’ U. 8. 
Atomie Energy Comm. Rept. KLX-1068 
(1957). 

Smith, J. M., Jr., and Bradley, J. G., ‘‘Ob- 
servations and Evaluation of the Decon- 
tamination Procedures Employed at Oak 
Ridge National Laboratories Redox Pilot 
Plant Equipment.’’ U. 8, Atomic Energy 
Comm. Rept. HW-14532 (1949). 
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1958 LITERATURE REVIEW. II. 


645 


Atomic Energy Comm. 
(1952). 

Winters, C. E., ‘‘Uranium Purification Proc- 
ess.’’ U. 8S. Patent 2,813,002 (Nov. 12, 
1957). 
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Thorium Recovery 


Thorium is a fertile element that 
can be converted to fissionable ura- 
nium-233 by neutron irradiation. Sev- 
eral processes were proposed for its 
recovery in a pure form from monazite 
sands containing uranium and rare 
earths. Calkins and Bohlmann (35) 
suggested that sands be digested and 
dissolved in concentrated NaOH, and 
then diluted, causing precipitation of 
the uranium, thorium, and rare earth 
oxides. Further processing separated 
the rare earths from the uranium and 
thorium. The latter elements were 
separated by extraction into tributyl 
phosphate and back extracted with a 
weakly acidic solution to remove tho- 
rium. Blundell (30) digested the 
monazite with strong HeSO, at elevated 
temperatures, cooled the pasty mass, 
and diluted it with a large volume of 
water. Treatment of the filtrate pro- 
vides the basis for separating thorium 
from rare earths. Digestion of mon- 
azite with sulfuric acid followed by 
careful pH control to separate the 
three components, with thorium coming 
out at the lowest pH, was also the basis 
of the method suggested by Bridger 
et al. (32). Mixed precipitates were 
purified further to separate uranium 
and thorium. Separation of thorium 
and rare earth elements in nitrie acid 
by Dowex-1 was deseribed by Danon 
(42). 


Additional References 


Delaplaine, J. W., and Natale, N. R., ‘‘ Proc- 
ess Engineering Memorandum on TBP Ex- 
traction and Purification of Thorium Evalu- 


ation of Extended Runs at BMI.’’ U. 8. 
Atomic Energy Comm. Rept. FMPC-1 
(1952). 
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for ‘25’ or Thorex Waste Disposal: 
Selective Recovery of Fission Products in 
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Chemical Waste Economics.’’ U, 8, Atomic 
Energy Comm. Rept, CF-55-11-97 (1955). 

Reid, R. C., Jury, 8. H., Bresee, J. C., and 
Suddath, J. ©., ‘‘New Thorium Process- 
Vital Metal for Industry and Defense.’’ 
Chem. Eng. Progr., 54, 4, 76 (1958). 

Wischow, R. P., and Mansfield, R. G., ‘‘ Lab- 
oratory Development of the Thorex Proc- 
ess.’’ U. 8. Atomic Energy Comm. Rept. 
ORNL-1994 (1957). 


Plutonium Recovery 


Following a brief survey of the for- 
mation of plutonium in piles, Regnaut 
(104) reviewed the advantages and 
disadvantages of the different processes 
proposed for extracting it from ir- 
radiated uranium bars. The results 
obtained at different stages of the 
separation were discussed by Faugeras 
and Regnaut (55), as well as the per- 
formance obtained from the apparatus. 
The method of separating small amounts 
of plutonium from large amounts of 
neutron-irradiated uranium must be 
sufficiently simple to lend itself to 
remote control (21), and consists of 
treating the solution with a fluoride 
(calcium, strontium, lanthanum, or 
other fluorides) to absorb the Pu. The 
absorbed Pu was removed by treat- 
ment with a soluble oxalate, carbonate, 
or bicarbonate. Several patents were 
granted for the recovery of plutonium. 
These included the purification and 
concentration of solvent-extracted Pu 
by oxalate precipitation (88); treat- 
ment with a cerium group trifluoride 
carrier precipitate containing reduced 
Pu with an acidic solution containing 
ceric ion, which dissolved the precipi- 
tate and oxidized the Pu to the hex- 
avalent state, and contacting with a 
soluble alkali metal compound and 
fluoride, which precipitated the rare 
earth and contaminant ions present 
but left the plutonium in solution 
(51); separation of tetravalent Pu 
from solutions containing it, uranium, 
and fission products by contacting with 
diatomaceous earth, silica gel, Fuller’s 
earth, or alumina which preferentially 
adsorb the Pu (114); separation by 
differences in solubility between certain 
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salts (e.g., oxalates) of the trivalent 
Pu and hexavalent uranium (136) ; 
treatment of the niobium oxide-plu- 
tonium bearing precipitate with HF 
for separating as non-volatile pluto- 
nium tetrafluoride (141); and forma- 
tion of organic chelate compounds con- 
sisting of tetravalent Pu together with 
a di(salicylal) alkylenedimine (146). 
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Hyman, H. H., ‘‘The Recovery of Neptunium 
in the Bismuth Phosphate Process for the 
Separation of Plutonium.’’ U. 8. Atomic 
Energy Comm. Rept. CN-3685 (1946). 

Levenson, M., ‘‘Pyro-Met Plutonium Flow- 
sheet.’’ U.S. Atomic Energy Comm. Rept. 


ANAL-ML-SL-1025 (1956). 
Mansfield, R. G., ‘‘Distillation of Purex 
Wastes.’’ U. 8S. Atomic Energy Comm. 


Rept. ORNL-1472 (1951). 

Matherne, J. L., ‘‘ORNL Metal Recovery 
Plant Processing Clementine Reactor Fuel 
Elements.’’ U. 8. Atomic Energy Comm. 
Rept. ORNL-1941 (1957). 


Waste Handling, Treatment, 
and Disposal 


General 


Measures taken to keep radioactivity 
of effluents from a nuclear plant below 
the maximum level were deseribed by 
Walter (138). The problem of the 
treatment and disposal of radioactive 
waste waters at Chalk River, Ontario, 
Atomie Energy of Canada, Ltd., was 
reported by Ophel (100). The follow- 
ing principles were utilized for such 
eontrol: (a) segregating and reducing 
wastes at their source, (b) taking ad- 
vantage of the natural properties of 
the materials, and (ce) following with 
an intensive and continuous sampling 
program. Waste disposal practices at 
Windscale were described (10). Nic- 
holls and Boadle (97) reviewed several 
filtration methods for radioactive liq- 
uids, and described in detail a filter 
unit designed at the Atomie Energy 
Research Establishment (Great Brit- 
ain) offering completely remote han- 
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dling of an expendable filter. Several 
articles (81) (82)(124) described the 
waste disposal facilities and waste dis- 
posal practices at Shippingport. Cri- 
teria for the ultimate disposal of radio- 
active wastes were also presented by 
La Pointe and Brown (81). At Knolls 
Atomic Power Laboratory, Schenec- 
tady, N. Y., liquid waste was collected 
by controlled drain systems, monitored 
for radioactivity content, and stored, 
if necessary, or released to the Mohawk 
River (86). The precautions taken in 
the construction of the experimental 
reactor at Munich, Germany, to pre- 
vent pollution by radioactive materials 
were deseribed by Wieselberger (145). 


Additional References 


Claxton, C. R., ‘‘ Radioactive Waste Disposal 
System: System Description No. 24.’’ U.S. 
Atomie Energy Comm. Rept. AECU-3606 
(Aug. 1956). 

Cohn, M. M., German, L. L., and Perleberg, 
C. N., ‘*Disposal of Liquid Wastes at the 
Knolls Atomic Power Laboratory.’’ U. S. 
Atomic Energy Comm. Rept. KAPL-569 
(June 3, 1957). 

Hill, A. J., Jr., ‘* The Containment Philosophy 
at the Savannah River Laboratory.’’ Chem. 
Eng. Progr., 52, 80 (1956). 

LaPointe, J. R., ‘‘ Estimation of Radioactivity 
at Power Reactor: Its Treatment and Con- 
trol.’’ U. 8. Atomic Energy Comm. Rept. 
WAPD-T-419 (1956). 

LaPointe, J. R., and Brown, R. D., ‘‘ Radio 
active Material Control.’’ Ind. Eng. Chem., 
50, 980 (1958). 

Plétze, E., ‘‘Design and Construction of a 
Model Plant for the Purification of Radio- 
active Wastes (Decontamination).’’ Atom- 
kern-Energie, 3, 186 (1958); Nuclear Sci. 
Abs., 12, 9773 (1958). 

Poole, E. (Translated by), ‘‘The Separation 
of Solid Particles from Liquids by Means 
of a Cyelone.’’ Maschinenbau-technik, 5, 
455 (1956); Nuclear Sci. Abs., 12, 7164 
(1958). 

Saddington, K., ‘‘The Extraction of Indi- 
vidual Fission Products from Chemical 
Process Wastes.’’ United Nations Rept. 
UNESCO/NS/RIC/16 (1957). 

Westinghouse Electric Corporation, ‘‘A Dis 
eussion of the Radioactive Waste Disposal 
Facilities at the Shippingport Atomie Power 
Station.’’ U. 8. Atomic Energy Comm. 
Rept. WAPD-T-387 (1956). 

Wirta, R. W., ‘‘Flowsheet No. 2—Cesium 
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Energy Comm. Rept. HW-53617 (Nov. 14, 
1957). 

Witkowski, E. J., ‘‘Radioactive Waste Dis- 
posal and Decontamination Annual Report 
for 1957.’’ U. S. Atomic Energy Comm. 
Rept. CF-57-12-143 (Apr. 18, 1958). 


Tank Storage 


Tank storage is still the only feasible 
method for the retention of high level 
wastes. A description of the various 
types of wastes produced at Savannah 
River (18) was presented. Before stor- 
age in specially designed tanks, the 
wastes were neutralized. Operating 
difficulties with steam surges resulting 
from differential settling of and con- 
centration of radioactivity were de- 
scribed. Storage was reported to cost 
$1.50 per gallon of stored waste. The 
wastes resulting from the operation of 
the pressurized water Army Package 
Power Reactor at Fort Belvoir, Va., 
were stored in a 5,000-gal underground 
carbon steel tank as reported by Medin 
(89). This tank was cradle-mounted 
in an underground leakproof concrete 
vault and vented to the stack. Two 
250-gal laboratory waste tanks lined 
with Amerplate, one of which can be 
emptied while the other was used, 
receive laboratory and sampling wastes. 
At Hanford, O’Neill and Swift stated 
that the basic intention of the 241-A 
Storage Facility design was to control 
the boiling wastes by providing suit- 
able tanks to contain the liquid and a 
vapor system was provided with suit- 
able seals to control the vapors (99). 
The limitations of estimating storage 
costs for the highly corrosive wastes 
produced at the Idaho Chemical Proc- 
essing Plant from the recovery of en- 
riched and uranium fuels were re- 
ported (134). Costs for reducing and 
storing these wastes were compared 
with underground tank storage. 


Additional References 


Tait, J. H., and Price, J., ‘*Some Caleulations 
on the Shields Necessary for Different 
Sizes of Effluent Tanks.’’ Rept. AERE- 
T/M-49, United Kingdom Atomic Energy 
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Authority (Apr. 18, 1958); Nuclear Sci. 
Abs., 12, 10194 (1958). 
Weber, M., ‘‘Solution of the Permanent 


Storage of High-Activity Liquid Wastes.’’ 
Jaderna Energie, 4, 30 (1958); Chem. Abs., 
52, 11607 (1958). 

Wilson, E. E., ‘‘Design Considerations of 
Storage Tanks for Radioactive Wastes.’’ 
Chem, Eng. Progr., 52, 19, 153 (1956). 


Evaporation 

A remotely operated evaporator as 
reported by Carnavos and Hagen (37) 
was designed for processing radioactive 
material. It accomplished a three-fold 
reduction in waste volume with con- 
centration to 70 per cent salt content. 
The mist eliminator was capable of 
reducing entrainment by factors of 
10° to 


Additional References 


Beall, 8. E., ‘‘Pilot Model Evaporator for 
Concentration of Radioactive Chemical 
Wastes.’’ U. 8. Atomic Energy Comm. 
Rept. ORNL-224 (Mar. 19, 1957). 

Carnavos, T. C., ‘‘Final Report on E. I. 
du Pont de Nemours Radioactive Waste 
Concentration Project.’?’ U. S. Atomic 
Energy Comm. Rept. AECU-3791 (Oct. 15, 
1956). 

Chemical Precipitation 
The use of sludge blanket precipita- 
tors and vermiculite and other filter or 
exchange materials for the removal of 
radioactive materials from waste solu- 

tions was described by Seedhouse (115). 

Tannic acid was utilized for the re- 

moval of alpha-emitting radionuclides 

(U, Pu, or Po) according to Smales 

and Airey (117). With a delay period 

of two weeks following such treatment, 
alpha activity due to thorium and its 
daughters would be reduced by more 
than 96 per cent. Waste solutions ob- 
tained in processing uranium, fission 
products, and ammonium nitrate were 
treated to destroy ammonium nitrate 

(31). The residual nitrate solutions 

were treated with an excess of alkyl 

acid anhydride (acetic anhydride) to 
form N.O and acetic acid. 

Cantel and Cohen (36) studied the 
effect of different decontamination 
agents on the efficiency of treatment 
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of radioactive effluents. They concluded 
that versene, often used as a decon- 
taminant, did not impede the efficiency 
of the chemical treatment used. The 
removal of ruthenium from radioactive 
waste residues by ferrous sulfate was 
studied by DeJonghe and D’Hont (46). 
Better results were obtained than from 
flocculation or precipitation. The re- 
moval of hexavalent uranium was ac- 
complished with equally good results 
by the use of tannic acid or sodium 
phosphate. The effect of versene on 
the removal of radioactive materials 
was considered and contrary to the 
experience of Cantel and Cohen (36), 
reported above, they (46) found that 
it interfered considerably, but that its 
interference could be diminished by 
means of potassium permanganate. 
Barton et al. reported that cesium- 
137 was recovered from acidic waste- 
water following neutralization to pre- 
cipitate iron, uranium, and most other 
fission products; acidification ; addition 
of zine nitrate and potassium ferro- 
cyanide; digestion for at least one 
hour; and separation of cesium zine 
ferrocyanide by centrifugation (27) 
(28). The cesium zine ferrocyanide 
was converted to cesium chloride by 
any one of three described processes. 
Cerium-144, rare earth, and strontium- 
90 would be recovered by a series of 
process steps which depend on co-pre- 
cipitation on ferric hydroxide and on 
the solubility behavior of the rare 
earth oxalates, of cerium (IV) iodate, 
and of strontium carbonate (28). The 
solubility of SrSO, as a function of 
temperature and HNO: concentration 
was studied by Jones (72) to evaluate 
this property as a means of separating 
strontium from radioactive wastes. The 
possibility of extracting slightly soluble 
cesium picrates from HNOg solution 
by butyl alcohol was also investigated. 
A chemical process using precipitation 
and filtration was developed to sepa 
rate Bat and other fission products 
from irradiated enriched uranium- 
stainless steel fuel pins (113). An- 
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other procedure was described by Ayers 
and Legler (24) for the recovery of 
kilocurie quantities of Ba‘*® from short- 
cooled MTR full elements and was 
based on the solubility characteristics 
of barium and barium salts in selected 
basie and acidic media. 

Setter and Russell (116) described 
chemical coagulation studies for the 
removal of radioactive materials found 
in rain, surface and cistern water, and 
rain water leakings through soil in 
Cincinnati. Essentially all suspended 
beta activity and part of the soluble 
beta activity were removed. Analyses 
of samples of raw and treated water 
from the waterworks at Spartanburg, 
S. C., showed that radioactivity was 
found in the water supply; that levels 
increased after rainfall but were in- 
significant from a health standpoint; 
and that the water treatment plant re- 
moved from 50 to 75 per cent of the 
radioactive particles (11). 


Additional References 

Aponyi, T., Recher, W., Schauer, P. J., 
Tesdahl, T. C., Tullis, J., and Woeste, J., 
‘*Pilot Plant Studies of the Ferrous Sul- 
fide Process for the Decontamination of 
Purex-Type Reactor Wastes. Final Re- 
port.’? Atomie Energy Comm. Rept. 
MLM-835 (Mar. 1, 1957). 

Mound Laboratory, ‘‘Liquid Waste Disposal 
Research Report for March 5, 1951 to June 
4, 1951.’’ U. S. Atomie Energy Comm. 
Rept. MLM-579 (Mar. 9, 1957). 

Mound Laboratory, ‘‘Report for Liquid 
Waste Disposal Research: November 13, 
1950 to March 5, 1951.’’ U. 8S. Atomic 
Energy Comm. Rept. MLM-554 (1957). 


Ion Exchange 


Moeller (91) identified the radio- 
nuclides in the recirculating cooling 
water system of the Low Intensity Test 
Reactor at ORNL by means of gamma 
spectral analyses and decay studies as 
being Na”, Cu*, ['32, [133 
and These radio- 
nuclides originated in corrosion and 
neutron activation of structural ma- 
terials in the reactor, in the activation 
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of impurities in the makeup water, 
and from uranium contamination on 
or near the surface of aluminum-clad 
fuel elements. Ion exchange resins in 
the line removed Na**, Np**, Cu%, 
Zn", Co”, Mo®? + [133, and 
Ce™'. Methods of calculating expected 
activity from the organic coolant, im- 
purities, and corrosion products from 
a typical organic cooled and moderated 
power reactor were described by Piccot 
(102). 

Higgins and Neill (66) outlined a 
proposed development program for the 
treatment and disposal of wastes from 
merchant ship reactors using ion ex- 
change and filters for coolant system 
cleanup. The development program 
was concerned with methods of han- 
dling and packaging spent resin, filter 
cake, and rare gases for safe disposal. 
A process for removing cations from 
aqueous solution was described by 
Gleuckauf and Roberts (59). The 
aqueous solution containing cations was 
brought into contact with a solid anion 
exchange substance, insoluble in water 
and having, at the exchange positions, 
anions which formed insoluble com- 
pounds with the cations. All metal 
ions except those of alkali metals might 
be precipitated. These cations might 
also be separated from each other, or 
from those of the alkali metals. The 
precipitate formed on the anion ex- 
change substance may be removed by 
washing with a suitable aqueous acid 
or complexing agent. The anions men- 
tioned include hydroxide, carbonate, 
sulfide, or chromate. 

Mixed bed ion exchange resins were 
evaluated by Lacy and Lindsten (79) 
on a laboratory scale by batch type 
treatment and column type operation, 
and continued on a much larger pilot- 
plant scale using military equipment 
by the same workers (80). The in- 
vestigation indicated the effectiveness 
of this method for removing the radio- 
active material and provided some in- 
formation on the radiation hazards in- 
volved. Perhaps the most extensive 
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study on the use of ion exchange for 
removal of radioactivity was that re- 
ported by Swope (123). Her work 
with mixed bed ion exchange resins 
for removing old mixed fission prod- 
ucts from tap water showed that the 
highest decontamination factors were 
obtained when the water was adjusted 
to a pH of 2.5 with nitric acid. Other 
findings indicated a 3 to 1 ratio of 
anion to cation resin, flow rate not to 
exceed 2 gpm per cubie foot of resin, 
and that the capacity of the resin was 
based on the amount of total dissolved 
solids in the feed. Mixed bed ion ex- 
change experiences were reported in 
the treatment of very low-solids water, 
irradiation canal waters, re- 
actor coolant waters, and waste treat- 
ment. 

The treatment of radioactive effluents 
by sawdust was investigated (46) and 
showed that adsorption on sawdust 
simple, efficient, inexpensive 
method for the treatment of very large 
quantities of radioactive wastes. 

Small (118) deseribed an ion ex 
change technique for recovering Tl? 
free of Cu and other addition agents 
from old plating baths. 
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The use of two polyelectrolyte coagu 
lants (Liytron 886 and Separan 2610) 
was evaluated with a wide variety of 
(78 Reported results showed 
removal with 
the two substances studied. 


shales 


comparable efficiencies 
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Prevot, I., and Regnaut, P., ‘‘Use of Ion 
Exchange Resins for the Concentration and 
Purification of Uranium.’’ Energie nucle- 
aire, 1, 207 (1957); Nuclear Sci. Abs., 12, 
6531 (May 1958). 

Quinlan, K. P., and Barry, R. J., ‘‘De- 
velopment of an Efficient Eluant for Re- 
moval of Molybdenum from Anion Exchange 
Resins.’’ U. 8. Atomic Energy Comm. 
Rept. WIN-27 (1956). 

Simon, G. P., and Singley, W. J., ‘Crud 
Absorption by Ion Exchange Resins.’’ 
U. S. Atomie Energy Comm. Rept. WAPD- 
SFR-PD-105 (May 1956). 

Spedding, F. H., Powell, J. E., Svec, H. F., 
Evans, J. L., and Harrington, R. E., ‘‘ The 
Separation of Isotopes by Ion-Exchange 
Columns.’’ U. 8. Atomic Energy Comm. 
Rept. ISC-475 (Feb. 25, 1957). 

Usatenko, Yu. L., and Gureyeva, L. I., 
**Separation of Aluminum and Zirconiun 
by the Method of Ion-Exchange.’’ Za- 
vodskaya Lab., 22, 7, 781 (1956); Nuclear 
Sci. Abs., 12, 6537 (May 1958). 


Electrodialysis 


Laboratory studies were reported 
(15) on the electro-deionization of solu- 
tions of nitric acid and aluminum 
nitrate to permit subsequent treatment 
of the residual ions by cationie sorp- 
tion of beds of ion exchange material. 
The membranes used consisted of anion 
exchange resin containing tertiary and 
quaternary ammonium groups. <A de- 
contamination factor in excess of 5 X 10° 
for cationic fission elements was ob- 
tained. The removal of aluminum 
nitrate by electrodialysis, in the same 
cell used in the nitric acid experiments, 
resulted in the formation of granular 
precipitates of hydrous aluminum oxide 
in the initial stages of denitrification, 
followed by the formation of the char- 
acteristic sticky, gelatinous aluminum 
hydroxide precipitate in the latter 
stages of the denitrification. Factors 
affecting the nature of the precipitate 
and degree of precipitation included 
eurrent density, concentration of alu- 
minum nitrate, temperature, and na 
ture of cathode materials. Durham 
and Goulden (54) report their experi- 
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ences with electrodialysis in the re- 
covery of HNO; from TBP process 
waste fission product solutions. A con- 
tinuous process using three cells was 
devised. When operating under steady 
state conditions, the catholyte in the 
last cell had a pH of about 10, and a 
precipitate containing 80 to 90 per cent 
of the original B-y activity was formed. 
The supernatant solution contained 
mainly cesium with some strontium 
and ruthenium. The recovered nitric 
acid contained about 3 per cent of the 
initial B-y activity. Littlejohn (85) 
described a process in which the pre- 
cipitations were carried out electrolyti- 
cally, an anion-permeable membrane 
separating electrode compartments of 
the cell in which the fission product was 
the catholyte. He indicated that up to 
85 per cent of the cesium and strontium 
remained in solution after precipita- 
tion of all other fission products, U, 
and Fe. 

The treatment of radioactive neu- 
tralized nitric acid waste solution by 
electrolysis of sodium nitrate solutions 
and recycle of the caustic formed to 
neutralize incoming nitric acid waste 
was detailed by Alter et al. (2). A 
preliminary cost estimate of $2.75 to 
$2.95 per initial gallon of waste proc- 
essed was indicated. 


Solvent Extraction 


Processes were described by Nigon 
and Penneman (98) for the quantita- 
tive separation of americium and plu- 
tonium by chloroform extraction of Pu 
cupferate from HCl solution, and by 
Walsh (137) for the extraction of 
Am(NO3)3 with tributyl phosphate 
from aqueous solutions containing Na- 
NOs; and HNOs. 


Additional References 


Spence, R., and Streeton, R. J. W., ‘‘Counter- 
Current Liquid-Liquid Extraction in An- 
nulus Columns with Shearing Motion.’’ 
United Kingdom Atomie Energy Authority 
Rept. AERE-C/R-933 (Sept. 1952). 

White, J. C., ‘‘Extraction of the Elements 
with Trioctylphosphine Oxide from Acidic 


1958 LITERATURE REVIEW. IT. 651 


Solutions.’? U. 8. Atomic Energy Comm. 
Rept. CF-56-9-18 (Sept. 6, 1956). 


Froth Flotation 


Employing the principles of froth 
flotation, Monet (92) separated ap- 
proximately 99 per cent of the solids 
present in highly radioactive solutions. 


Additional Reference 


Murray, G. Y., ‘‘ Flotation of Uraninite from 
Other Minerals.’’ U. S. Atomic Energy 
Comm. Rept. MITG-A30 (Apr. 11, 1956). 


Fixation 


The proceedings of the meeting on 
fixation of radioactivity in stable, solid 
media held at Johns Hopkins Univer- 
sity, June 19-21, 1957, were published 
(93) and covered the following sub- 
jects: 


1. Waste characteristics governing 
fixation in soils. 

2. Chemical processing of the alu- 
mina fluid caleiner product into alu- 
mina silicates. 

3. Fixation of fission product into 
alumina silicates. 

4. Fixation of fission products in 
stable compounds. 

5. Resumé of ceramic section of Oak 
Ridge National Laboratory. 

6. Fixation of fission products in 
ceramic glazes. 

7. Fission product disposal in glass. 

8. Leaching studies on fired clays 
containing radionuclides. 

9. Evaluation of experimental elink- 
ers. 

10. Fixation of active wastes in solid 
form using natural soils as media for 
glass formation. 

11. Separation of cesium and stron- 
tium from calcined metal oxides as a 
process in disposal of high level wastes. 

12. Fixation of radioisotopes on Han- 
ford type soils. 

13. Tests of stability. 

14. Calcination of aqueous reactor 
fuel wastes in a fluidized bed. 

15. Experiments on fluidized bed 
calcination of Idaho Chemical Process- 
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ing Plant wastes using radioactive feed 
material. 

16. Ball kiln calcination of alloy fuel 
element wastes. 

17. Incorporation of fission products 
into glass, 

18. Ultimate disposal of 
fission products. 

19. High-temperature gas 
problems. 

20. Heat evolution and dissipation. 

21. Problems associated with waste 
calcination schemes. 

22. Sintering of reactor wastes. 

23. Problems associated with 
formation of ceramic clinkers. 

24. Storage of reactor fuel wastes in 
salt formations. 

Amphlett (4) also reviewed the sub- 
ject and indicated that the fixation of 
strongly radioactive residues on appro- 
priate siliceous materials (e.g., earth, 
clay, or natural silicates) was more 
flexible than the ion exchange method 
and allowed the processing of sedi- 
ments and solid materials as well as 
solutions. Robinson (105) investigated 
the feasibility of admixing Portland 
cement, vermiculite, and radioactive 
waste solutions and firing at 1,220°C. 
This matrix was leached to check con- 
tainment of the radioactive waste. The 
production of usable cesium radiation 
sources by the montmorillonite clay 
process was studied at Brookhaven Na- 
tional Laboratory as a means of ulti- 
mate disposal of fission products (112). 
Of the siliceous materials investigated, 
White and Lahaie (142) stated that 
nepheline syenite: approached closely 
the requirements of an ideal glass- 
forming silicate. This silicate could 
be mixed directly with wastewaters con- 
taining nitric acid and fission products 
to form a solid gel, which on drying 
and heating to about 1,225°C, resulted 
in a glass-like material. The require- 
ments of a site for the permanent stor- 
age of fission products contained in 
glass were discussed by Watson et al. 
(140). The most important considera- 
tions were the release of fission prod- 
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ucts from the glass and the removal of 
the heat generated by fission product 
decay. Because the quantity of fission 
products released on contact with water 
is significant, storage in dry chambers 
was suggested. When wastewaters con- 
taining aluminum from fuel element 
cladding, cesium-137, strontium-90, and 
other fission products were mixed with 
sodium silicate, an aluminum silicate 
gel was formed which captured the 
cesium and strontium by both occlusion 
and reaction (9) (14). The gel could 
be blown to a disposal pit for burial at 
a much lower cost than the present 
method of storage of liquid wastes in 
steel tanks. One disadvantage was the 
deterioration of the gel with age, and, 
if left to stand, it bled water contain- 
ing some radioactivity. * Heating also 
changed the nature of the gel. 


Calcination 


The Fluor Corporation was author- 
ized to proceed with a $300,000 waste 
calcination system at the National Re- 
actor Testing Station (13). This con- 
tract was later extended to $3.3 million 
to carry the project through to comple- 
tion by February 1960 (12). Jonke 
et al. (73) reported on a new technique 
for converting solutions of dissolved 
salts to dry, granular solids by spray 
injection into a heated bed of fluidized 
solids. The technique was applied on 
a pilot-plant scale to the dehydration 
and calcination of uranyl nitrate and 
aluminum nitrate solutions. The ex- 
perimental equipment was described, 
and the effect of various operating vari- 
ables on factors such as particle size 
growth and completeness of calcination 
were discussed. Interfering ions such 
as aluminum and zirconium could be 
separated by calcination of the waste- 
waters followed by separation of the 
leachable fission products (essentially 
cesium and strontium) from the in- 
soluble aluminum and zirconium oxides 
according to Abriss et al. (1). The un- 
leachable fission products could be con- 
sidered fixed in the oxides; the un- 
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leachable ones could be fixed in clay 
for ultimate disposal or could be sepa- 
rated by ion exchange for use as sources 
of radiation. 


Ground Disposal 


The general problems of disposal into 
the ground were considered by several 
authors (5) (6) (65) (95). Rodder 
(107) cited experimental proof that 
chemical reactions between earth mate- 
rials and acid Al(NO3)3 wastes might 
prevent injection of such wastes into 
aquifers, unless the wastes or aquifers 
were pretreated. Conditions were de- 
scribed that make injection not only 
feasible but reasonably safe and eco- 
nomical. The problems associated with 
ground disposal in desert basins were 
reviewed by de Laguna (47). Disposal 
of power reactor wastes into deep wells, 
the hydraulics of wells, thermal con- 
siderations of disposal aquifers, re- 
gional hydrology, potential deep well 
disposal areas in the U. S., and the 
cost of such disposal were considered 
by de Laguna and Blomeke (48). 

To evaluate the applicability of 
ground disposal in Savannah River 
Plant soils, the effects of cation con- 
centration and acidity on the move- 
ment of radioactive strontium, cesium, 
and plutonium were investigated in the 
laboratory by Prout (103). Studies 
on the movement of these same radio- 
isotopes through tuff local to the Los 
Alamos area were described by Christ- 
enson et al. (39), and it was shown 
that cesium was apparently very tightly 
bound and resisted leaching by any of 
the common agents, that plutonium 
was readily retained but that it could 
be eluted quite easily by discharges of 
versene, and that strontium was not 
retained by the tuff nearly so well as 
cesium and plutonium and that it was 
more easily released. Disposal of stron- 
tium to soil was to be undertaken with 
extreme caution and only with fore- 
knowledge of the nature of the soil and 
its capacity for the ions known to be 
present in the waste. Because Sr*° 
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could be leached by other ions, a dis- 
posal area receiving this isotope must 
be closely guarded so that no other 
wastes will be discharged which might 
contain concentrations of ions suffi- 
cient to dislodge the previously ad- 
sorbed nuclide. 

A progress report by Orcutt, Kauf- 
man, and Klein (101) examined sev- 
eral theories concerned with the equi- 
libria and kinetics of ion exchange 
applicable to estimating the rate of 
underground movement of radiostron- 
tium. The parameters investigated 
were the exchange capacity, various 
expressions of equilibria, the influence 
of calcium, sodium, and hydrogen ions 
on the rate of strontium movement, the 
hydraulic rate of liquid application, 
and the rate coefficients controlling the 
ion-exchange reactions. The results 
indicated that a proper application of 
existing ion exchange theory would 
greatly reduce the uncertainties of 
estimating the rate of radiocontaminant 
travel through natural media and 
might ultimately provide criteria for 
the design of subsurface disposal sys- 
tems. 

Blanchard et al. at Oak Ridge Na- 
tional Laboratory (29) discussed stud- 
ies where radioactive waste and ground 
water solutions were passed through 
columns of indigenous Conasauga shale 
to determine the sorbtive behavior of 
the radionuclides. Cesium-137, the ma- 
jor radioactive constituent of the basic 
waste solution, was adsorbed very effec- 
tively with a shale to solution distribu- 
tion ratio of 500. A small fraction of 
Ru’, the only other radionuclide pres- 
ent in relatively large concentration, 
was adsorbed per unit weight of shale. 
This adsorption occurred even after 
the radionuclide had previously passed 
through 200 ft of shale. The ruthenium 
and small amounts of Co®” and Sb**° 
present were removed by co-precipita- 
tion with lead dioxide after the addi- 
tion of sodium hypochlorite. By com- 
bining co-precipitation with adsorption 
on shale columns, it was possible to ob- 
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tain decontamination factors of 2 x 10° 
for gross beta, 3 10° for gross gamma, 
4x 10* for cesium, and 2 xX 10? for 
ruthenium. Cowser and Parker (40) 
pointed out that the ORNL waste pits 
received through December 1956 a total 
of 5.6 mil gal of waste containing 
58,000 of Cs'**, 15,000 ¢ of and 
lesser amounts of Sr®®, Sr*’, Co®, Sb??5, 
and the rare earths. Sodium and ni- 
trate ions accounted for the bulk of the 
chemical constituents. Results from 
observation wells confirmed the preop- 
erating estimate of direction and path 
of waste movement and the seepage of 
anion materials such as Ru*** and NO. 
through the soil. Lacy (77) reported 
laboratory experiments on the adsorp- 
tive capacity of Conasauga shale for 
the specific wastes discharged to the 
ORNL waste pits. Ruthenium ap- 
peared first in the effluent. 

Membrane asphalt appeared to offer 
the best lining protection for storage 
basins for long-term retention of neu- 
tralized, partially decayed radiochemi- 


cal wastes and asphaltic plank material 
was only slightly less desirable (139). 


Additional References 


Anon., ‘Salt Away Atomie Wastes?’’ 
Eng. News, 36, 54 (1958). 

Auerbach, 8S. I., ‘*The Soil Ecosystem and 
Radioactive Waste Disposal to the Ground.’’ 
Ecology, 39, 3, 522 (July 1958). 

McHenry, J. R., ‘‘ Adsorption Characteristics 
of Long Soil Columns.’’ U. 8S. Atomie En 
ergy Comm. Rept. HW-40990 (June 11, 
1958). 

Rhodes, D. W., and Nelson, J. L., ‘‘ Disposal 
of Radioactive Liquid Wastes from the 
Uranium Reeovery Plant.’’ U. 8. Atomic 
Energy Comm. Rept. HW-54721 (June 3, 
1957). 


Chem. 


Sewers and Sewage Treatment 


Kenny (76) reported that radioac- 
tive wastewaters discharged to rivers 
and sewerage systems in Great Britain 
included those from atomie energy 
research establishments and premises, 
universities and research associations, 
hospitals, and industry. Radioactivity 
in sewers was discussed. He concluded 
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that there was little danger to sewer 
workers owing to the regulated amount 
of radioactive isotopes discharged, the 
limited time allowed for work in sewers, 
the use of safety clothing, and the over- 
estimation of the dose and dose-rate by 
calculation using the formula for an 
infinite medium. 

Kenny further reported (75) (76) 
that very little adsorption of radio- 
activity by sewage solids occurred dur- 
ing primary sedimentation. During 
treatment by activated sludge or by 
biological filtration, iodine-131, phos- 
phorus-32, cobalt-60, and carbon-14 
were partially adsorbed, while sodium- 
24, potassium-42, bromine-182 (as bro- 
mide), sulfur-35 (as sulfate), stron- 
tium-89 and -90, and radioactive tritium 
passed straight through. Sludge was 
also considered safe for use as a fer- 
tilizer, since the isotopes adsorbed by 
sludge were not adsorbed by plants. 
Where discharges take place into 
streams, care should be taken to ensure 
that fish are safe for human consump- 
tion. The effect of radiophosphorus 
and radioiodine on anaerobic digestion 
was reported by Grune ef al. (61) (62). 
Gas production, which was used as the 
criterion to evaluate the effects of radio- 
active materials, was inhibited at high 
concentrations of radioactivity, but 
since similar effects were noted in the 
controls, the effects were due to chemi- 
cal toxicity of the added materials. 


Stream Discharge 


Thomas (126) summarized the fac- 
tors to be considered prior to discharg- 
ing radioactive wastes into streams. 
Experiments on the Mohawk River, 
New York, and Cochichewick Brook, 
Massachusetts, using radioactive tracers 
were described, and showed that dis- 
charge to streams is not a satisfactory 
method of disposal. The theory of 
purification of radioactive effluent by 
streams was given. Barker (25) cited 
the factors that influence the move- 
ment of radioactivity in ground and 
surface waters. In the case of ground 
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water transport, these included: move- 
ment of water, dispersal of dissolved 
and suspended matter in water, and 
adsorption of substances by natural 
materials in contact with water. In 
surface waters the factors were the 
movement of dissolved and suspended 
matter, uptake of radioactivity by 
aquatic biota, and the manner of dis- 
persal into the receiving stream. Ac- 
cording to Davis (43), the chemical 
and physical properties of radioactive 
materials that influenced dispersion in 
streams are state, mass, density, radio- 
active half-life, chemical state, and the 
temperature of the effluent which bore 
them. Nonbiotie limnological factors 
influencing dispersion were stream mor- 
phology, flow volume, velocity, tem- 
perature, and water chemistry. Stream 
biota can significantly affect the disper- 
sion of radioactive contamination by 
accumulating and retaining certain ra- 
dioisotopes, and by spreading the con- 
tamination through migration. 

The factors to be considered in as- 
sessing the safe amount of radioactivity 
discharged to a river were indicated by 
Lister (84) with reference to the effect 
of biological concentration in aquatic 
vegetation, in soils, and in fish; the re- 
moval of activity by biological organ- 
isms; and the use of the river for water 
supply, recreational, agricultural, and 
industrial purposes. 

The steps necessary to avoid pollu- 
tion of surface and ground waters in 
Switzerland were discussed by Jaag 
(69). De Jonghe (45) reported that 
permissible levels of discharge to pub- 
lic waters in Belgium were: 8 emitters, 
10°° pe/ml; Ca-Sr, 2 xX pe/ml; 
emitters, 2.4 ne/ml; and radium, 
4 x 10° pe/ml. He also described the 
various waste streams produced and 
the treatment required before release 
to the environment. 


Additional Reference 


Profos, P., ‘‘Purification of Radioactive 
Water in Nuclear Power Plants.’’ Brenn- 
stoff-Warme-Kraft, 10, 228 (1958); Chem. 
Abs., 52, 17997 (1958). 
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Ocean Disposal 


Radioactive waste disposal at sea was 
extended during the past year with 
several private firms licensed by the 
AEC to collect and dispose of atomic 
waste materials (20). Waste materials 
were to be disposed of outside normal 
shipping lanes at sites selected with the 
U. 8. Coast Guard. Materials were to 
be packaged in containers (usually 55- 
gal barrels) heavy enough to insure 
sinking to 1,000 fathoms. It was an- 
nounced that the waste containers would 
not be affected by ocean currents at 
1,000 fathoms. Also, there would be 
no interference with fishing. Dunster 
(52), and Dunster and Farmer (53) 
provided data on the five-year ex- 
perimental program (1952-56) at the 
Windscale Works and reported that 
the maximum permissible discharge of 
fission products to the sea was of the 
order of 15,000 ¢ per month of total beta 
activity. Samples of fish, seaweed, sea 
bed, and shore sand were taken at 
regular intervals during the period and 
analyzed. Thus, from these it was in- 
dicated that due to marine dispersal 
processes, maximum permissible dis- 
charge rates for this works in ¢ per 
month are 3,000; Ru’, 5,000; 
Pu***, 200; and total 8 activity, 15,000. 
At Livermore (111), disposal of liquid 
wastes took place at sea in shielded 
containers following various degrees of 
concentration, and by direct dispersion 
of wastes in large volumes of sea water. 


Additional References 


Anon., ‘‘California Withdraws Hearing De- 
mand on Disposal.’’ Nucleonics, 16, 27 
(1958). 

Anon., ‘Connecticut Town Protests Disposal 
License.’’ Nucleonics, 16, 27 (1958). 

Anon., ‘‘ Waste Disposal Notes.’’ Nucleonics, 
16, 10, 31 (1958). 

Vodyanitskii, V. A., ‘‘Diseussions on the 
Atomic Industry Waste Disposal into the 
Black Sea.’’ Priroda, 47, 2, 46 (Feb. 
1958); Nuclear Sci. Abs., 12, 6590 (May 
30, 1958). 


Incineration 
Jordan (74) developed criteria for 


evaluating incineration as a process for 
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the disposal of contaminated waste, in- 
dicated design features for a large in- 
cinerator 


the usefulness of the process for a small 
installation. 


. Amphlett, C. B., 


3. Amphlett, C. 


. Anderson, E. L., 
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installation, and evaluated 


Economics 


The economies of pit storage, when 
the geological location of the pits did 
not 
processing plant, was considered by 
Zeitlin and Ullmann (148). 


coincide with the location of the 


Legislation 


Kenny (76) gave recommendations 
for 
effluents. 
concentration limit of radioactive sub- 
stances was given by Devlamink (50). 
The 
progress by various states for control- 
ling the discharge of liquid and solid 
radioactive wastes were indicated by 
Jensen et al. (71). 


legislative control of radioactive 
The Royal Decree fixing the 


resources and the activities in 


References 


. Abriss, A., Reilly, J. J., and Tuthill, E. 


J., ‘‘Separation of Cesium and Stron- 
tium from Caleined Metal Oxides as a 
Process in Disposal of High Level 
Wastes.’’ U.S. Atomic Energy Comm. 
Rept. BNL-463 (1957). 


2. Alter, H. W., Barney, D. L., Davidson, 


J. K., Schafer, A. C., Jr., and Witt, F. 
J., ‘*Electrolytie Recycle Method for 
the Treatment of Radioactive Nitric 
Acid Waste.’’ U. 8. Atomie Energy 
Comm. Rept. KAPL-1721 (1957). 


. Alter, H. W., Beck, C. J., and Coplan, 


B. V., ‘A Device to Remove Aluminum 

Jackets Mechanically from Bonded 

Uranium.’’ U. 8S. Atomie Energy 

Comm. Rept. KAPL-1139 (1957). 

Fixation of 
Strongly Radioactive Residues in Solid 
Form.’’ Energie nucleaire, 1, 80 
(Apr.-June 1957); Nuclear Sci. Abs., 
12, 6566 (May 31, 1958). 

Amphlett, C. B., ‘‘Ground Disposal of 
Radioactive Wastes.’’ Atomics and 
Nuclear Energy, 9, 6, 194 (1958). 

B., ‘*Ground Disposal of 

Radioactive Wastes.’’ Atomics and 

Nuclear Energy, 9, 7, 242 (1958). 

‘*Fuel Reprocessing 

Series. I. Fuel Reprocessing by Aque 

ous Methods.’’ Nucleonics, 15, 10, 72 

(1957). 


10. 


16, 


99 


26. 


8. 


2. Anon., 


5. Anon., 


. Anon., 


. Anon., 


. Anon., 


June 1959 


Anderson, E. L., Jr., ‘‘ Fuel Reprocess 
ing Series. II. Low-Decontamination 
and Volatility.’’ Nucleonics, 15, 12, 
44 (1957). 


. Anon., ‘‘Clue to Cheap Waste Disposal?’’ 


Nucleonics, 16, 2, 27 (1958). 
Anon., ‘‘Disposal of Atomic Waste at 
Windseale.’’ Atomics, 7, 12, 437 
(1956). 


. Anon., ‘‘ Filtration Plants Reduce Radio- 


activity in Raw Water.’’ Water Works 
Eng., 111, 157 (1958). 

‘*Fluor Gets Contract to Com- 
plete Caleination System.’’ Nucleonics, 


16, 11, 27 (1958). 


. Anon., ‘‘Fluor Gets AEC Nod on Waste 


System.’’ Nucleonics, 16, 8, 27 (1958). 


. Anon., ‘‘GE Gel May Hold Radioactive 


Waste.’’ 

(1958). 

‘‘Ton Transfer Membranes Re- 
move Bulk Electrolytes in Radioactive 
Wastes.’’ Chem. Eng. Proagr., 54, 2, 
93 (1958). 

Anon., ‘‘ Nuclear Reactor Feed-Materials 
Plant.’’ Chem. Eng. Progr., 54, 4, 
142 (1958). 

‘*Packaged Nuclear Fuel Re- 

processing Plants Proposed.’’ Chem. 

Eng. Progr., 54, 1, 122 (1958). 


Chem. Eng. News, 36, 2, 42 


. Anon., ‘‘ Physical Properties of Stored 


Nuclear Wastes at Savannah River.’’ 
Chem. Eng. Progr., 54, 2, 91 (1958). 
‘*Plum Uranium Concentration 
Explained in Flow Sheet.’’ Uranium, 
4, 10, 38 (1957). 


. Anon., ‘‘ Radioactive Waste Disposal at 


Sea.’’ THIS 
(May 1958). 
‘*Recovery of Plutonium from 
Solutions Containing It.’’ British Pat- 
ent 783,601; Nuclear Eng., 3, 24, 136 
(Mar. 1958). 


JOURNAL, 30, 5, 633 


2. Arden, T. V., ‘‘ Recovery of Uranium by 


Ion-Exchange.’’ British Patent 783,- 
591/592; Nuclear Eng., 3, 24, 136 
(Mar. 1958). 


. Arnold, E. D., ‘‘Compilation and Analy- 


sis of Waste Disposal Information.’’ 
U. S. Atomic Energy Comm. Rept. CF 
57-2-20 (Mar. 12, 1957). 


. Ayers, A. L., and Legler, B. M., ‘‘ Batch 


Processing for Kilocurie Production of 
3arium-140.’’ Chem. Eng. Progr., 54, 
2, 83 (1958). 


. Barker, F. B., ‘‘ Factors Affecting the 


Transport of Radioactivity by Water.’’ 
Jour. Amer. Water Works Assn., 50, 5, 
603 (May 1958). 
Barney, R. A., and Keneshea, F. J., Jr., 
‘*Pyrochemical Separations Methods: 
II. The Distribution of Plutonium and 
Fission Produets Between Uranium and 


5 
1 
25 
17 
19 
2 
21 
4 
Now 
5 
‘ 
« = 
4 
Hee 


. 51, No. 6 


Magnesium.’’ U. 8. Atomic Energy 
Comm. Rept. NAA-SR-1324 (1955). 

. Barton, G. B., Hepworth, J. L., Me- 
Clanahan, E. D., Moore, R. L., and 
Van Tuyl, H., ‘‘Chemical Processing 
Wastes.’’ Ind. Eng. Chem., 50, 212 
(1958). 

. Barton, G. B., Hepworth, J. L., Me- 
Clanahan, E. C., Moore, R. L., and Van 
Tuyl, H. H., ‘‘Fission Product Re 
covery from Chemical Processing Plant 
Waste Solutions.’’ U. 8S. Atomic 
Energy Comm. Rept. HW-48776 RD 
(Feb. 1957). 


9. Blanchard, R. L., Kahn, B., and Robeck, 


G. G., ‘‘Laboratory Studies on the 
Ground Disposal of ORNL Intermedi- 
ate-Level Liquid Radioactive Wastes.’’ 
U. 8. Atomic Energy Comm. Rept. 
ORNL-2475 (Apr. 11, 1958). 

. Blundell, R. W., ‘‘Reeovery of Thorium 
from Monazite.’’ British Patent 783,- 
628; Nuclear Eng., 3, 24, 136 (Mar. 
1958). 

. Boyer, T. W., MacHutchin, J. G., and 
Yaffe, L., ‘‘Treatment of Ammonium 
Nitrate Solutions.’’ U. 8S. Patent 
2,838,368 (June 10, 1958); Nuclear 
Sci. Abs., 12, 20, 14413 (1958). 

. Bridger, G. L., Whatley, M. E., and 
Shaw, K. G., ‘‘Separation Process for 
Thorium Salts.’’ U. S. Patent 2,815,- 
262 (Dec. 3, 1957); Nuclear Sci. Abs., 
12, 10, 6989 (1958). 


3. Burch, W. D., ‘‘ Hydroclone Centrifuging 


Removes Homogeneous Reactor Fission 
Produets.’’ Chem. Eng. Progr., 54, 2, 
79 (1958). 

. Burris, L., Jr., and Dillon, I. G., ‘‘Re- 
vised EBR-II Flow Sheet for Fuel 
Cycle with Fuel Purification by Oxida- 
tive Slagging.’’ U.S. Atomie Energy 
Comm. Rept. ANL-LB-SL-1016 (1956). 


35. Calkins, G. D., and Bohlmann, E. G., 


‘Processing of Monazite Sand.’’ U. 
S. Patent 2,815,264 (Dec. 3, 1957); 
Nuclear Sci. Abs., 12, 10, 6990 (1958). 


36. Cantel, J., and Cohen, P., ‘‘Influence of 


Some Decontaminating Agents on the 
Purification of Radioactive Residual 
Water.’’ Energie nucleaire, 1, 138 
(July—Sept. 1957); Nuclear Sci. Abs., 
12, 10, 6567 (1958). 

. Carnavos, T. C., and Hagen, J. W., 
‘‘High-Purity Evaporator for Waste 
Concentration.’’ Nucleonics, 16, 2, 125 
(1958). 

. Cason, M., ‘‘Radioactive Waste Dis- 
posal.’? U, 8. Atomic Energy Comm. 
Rept. UCRL-5068 (Apr. 25, 1957). 

. Christenson, C. W., Fowler, E. B., John- 
son, G. L., Rex, E. H., and Virgil, F. 
A., ‘Soil Adsorption of Radioactive 


1958 LITERATURE REVIEW. ILI. 57 


Wastes at Los Alamos.’’ Jour- 
NAL, 30, 12, 1478 (Dee. 1958). 


. Cowser, K. E., and Parker, F. L., ‘‘Soil 


Disposal of Radioactive Wastes at 
ORNL: Criteria and Techniques of 
Site Selection and Monitoring.’’ Health 
Physics, 1, 152 (1958). 


. Culler, F. L., Jr., ‘‘ Section 9.0 to Status 


Report on the Disposal of Radioactive 
Wastes.’’ U.S. Atomic Energy Comm. 
Rept. CF-57-3-114 (Rev.) (Suppl. 1) 
(Sept. 3, 1957). 


- Danon, J., ‘Separation of Thorium and 


Rare-Earth Elements in Nitrie Acid 
Media by Anion Exchange.’’ Jour. 
Inorganic Nuclear Chem., 5, 237 
(1958). 


3. Davis, J. J., ‘‘Dispersion of Radioactive 


Materials by Streams.’’ Jour. Amer. 
Water Works Assn., 50, 11, 1505 (Nov. 
1958). 


. Dean, O. C., and Ellis, G. K., ‘‘The 


Preparation of Thorium Metal by So- 
dium Amalgam Reduction of Thorium 
Chloride: The Metallex Process.’’ Nu- 
clear Sci. and Eng., 4, 4, 509 (Sept. 
1958). 


. DeJonghe, P., ‘‘Future Problems Posed 


by the Discharge of Radioactive Wastes 
in Belgium.’’ Bull. Centre Belge 
Etude et Document. Eaux (Belgium), 
2, 40, 134 (1958); Pub. Health Eng. 
Abs., 38, 11, 24 (1958). 


6. DeJonghe, P., and D’Hont, M., ‘‘Some 


Studies Applicable to the Chemical 
Treatment of Radioactive Effiuents.’’ 
Energie nucleaire, 1, 27 (Jan.—Mar. 
1957); Nuclear Sci. Abs., 12, 6565 
(May 31, 1958). 


. de Laguna, W., ‘‘Desert Basins and 


Waste Disposal.’’ Health Physics, 1, 
195 (1958). 


. de Laguna, W., and Blomeke, J. O., 


‘*The Disposal of Power Reactor Waste 
into Deep Wells.’’ U. 8. Atomic 
Energy Comm. Rept. CF-57-6-23 (June 
13, 1957). 


9. De Troy, A., ‘‘The Extraction of Ura- 


nium by a Centrifuge Extractor.’’ 
Energie nucleaire, 1, 191 (Oct—Dee. 
1957); Nuclear Sci. Abs., 12, 6560 
(May 1958). 


. Devlamink, F., ‘‘The Problem of Radio- 


activity and Legislation on the Dis- 
charge of Radioactive Waste Sub- 
stances in Water.’’ Document No. 
IGRL-T/W-37 (1956); Nuclear Sei. 
Abs., 12, 5177 (Apr. 1958). 


. Dreher, J. L., and Thompson, 8. G., 


‘*Plutonium Separation Method.’’ U. 
8S. Patent 2,819,143 (Jan. 7, 1958) ; 
Nuclear Sci. Abs., 12,7000 (May 1958). 


3 
og 
9 
30 
: 31 
3 
32 
34 
| 
+ | 
37 
of 
38 


658 


Ko 
Je. 


SEWAGE AND INDUSTRIAL WASTES 


Dunster, H. J., ‘‘ Disposal of Radioactiv« 


Waste to the Sea During 1956.’’ 


Rept. IGS-R/R.2, United Kingdom 
Atomic Energy Authority (1958); 
Chem. Abs., 52, 12587 (1958). 
Dunster, H. J., and Farmer, F. R., ‘‘ A 
Summary of the Biological Investiga 
tions of the Discharges of Aqueous 
Radioactive Waste to the Sea from 
Windsecale Works, Sellafield, Cumber 
land.’’ Rept. IGS-R/R-3, United 
Kingdom Atomie Energy Authority 
(Jan. 1958); Nuclear Sci. Abs., 12, 
5949 (May 15, 1958). 


. Durham, R. W., and Goulden, P. D., 


‘*Eleetrodialysis of Fission Product 
Solutions. ’’ Rept. CRDC-614, Atomic 
Energy of Canada (Mar. 1957); Nu 
clear Sci. Abs., 11, 6680 (July 15, 


1957). 


5. Faugeras, P., and Regnaut, P., ‘‘ Pilot 


Plant for Plutonium Extraction at 
Chatillon. Results of Operation.’’ 
Energie nucleaire, 1, 123 (July—Sept. 
1957); Nuclear Sci. Abs., 12, 6529 
(May 1958). 

Ferreira, P. M., ‘‘Chemical Enrichment 
of Low-Grade Uranium Concentrates.’’ 
Energie nucleaire, 1, 63 (Apr.-June 
1957); Nuclear Sci. Abs., 12, 6557 
(May 1958). 

Fisher, R. W., ‘‘Method of Recovering 
Thorium.’’ U. 8. Patent 2,816,122 
(Dee. 10, 1957); Nuelear Sei. Abs., 12, 
6995 (May 1958). 

Fletcher, J. M., and Ashworth, G. J.., 
‘*Production of Thorium Compounds.’’ 
British Patent 783,195; Nuclear Eng., 
3, 24, 186 (Mar. 1958). 


. Gleuckauf, E., and Roberts, P. J., ‘‘ Proe 


ess for Removal of Cations from Aque- 
Nuclear Eng., 3, 23, 


ous Solution.’’ 


90 (Feb. 1958). 


. Greer, A. H., Mindler, A. B., and Ter- 


mini, J. P., ‘‘New Ion Exchange Resin 
for Uranium Recovery.’’ Ind. Eng. 
Chem., 50, 166 (1958 a 


il. Grune, W. N., Bartholomew, D. D., and 


Hudson, C. I., Jr., ‘‘ Effects of Radio 
active Materials on Anaerobic Diges 
tion. I. Radiophosphorus.’’ THIS 
JOURNAL, 30, 9, 1123 (Sept. 1958). 

Grune, W. N., Bartholomew, D. D., and 
Hudson, C, I., Jr., ‘‘ Effects of Radio- 
active Materials on Anaerobie Diges- 
tion. II. Radioiodine.’’ THis Jour 
NAL, 30, 11, 1399 (Nov. 1958). 
Halpern, J., and Forward, F. A., ‘‘Ef- 
fect of Roasting on Recovery of Ura- 
nium and Vanadium from Carnotite 
Ores by Carbonate Leaching.’’ Trans., 
Met. Soc. AIME, 212, 1, 65 (Feb. 
1958). 


64. 


66, 


76. 


71. Jensen, E. C. 


June 1959 


Harrington, C. D., and Ruehle, A. E., 
‘Preparation and Properties of Ura 
nium Dioxide Powder.’’ Chem. Eng. 
Progr., 54, 3, 65 (1958). 

Hess, H. H., and Thurston, W. R., ‘‘ Dis 
posal of Radioactive Waste on Land.’’ 
Trans. Amer. Geophysical Union, 39, 
467 (June 1958). 

Higgins, I. R., and Neill, W. J., ‘‘Pro- 
posed Development Program for Treat- 
ment of Radioactive Wastes from Mer- 
chant Ship Reactors.’’ U. 8. Atomic 
Energy Comm. Rept. CF-58-3-67 (Mar. 
19, 1958). 

Higgins, I. R., Roberts, J. T., and 
Hancher, C. W., ‘‘ Preparing Uranium 
Tetrafluoride by Ion Exchange and 
Electrolysis.’’ Ind. Eng. Chem., 50, 
285 (1958). 

Higgins, J. K., ‘‘Some Experiments on 
the [Fused] Salt Processing of Liquid 
Metal Fuels.’’ Rept. M/M 194, United 
Kingdom Atomie Energy Authority 

(1958); Chem. Abs., 52, 17996 (1958). 


. Jaag, O., ‘‘ Radioactivity and Protection 


of Waters.’’ Gas- Wasserfach. 


(Germany), 37, 225 (1957); Water 
Poll. Abs. (Brit.), 31, 456 (Feb. 1958). 


. Jammet, H., ‘‘Risks of Water Pollu- 


tion by Radioactive Products.’’ Eau 
(France), 43, 263 (1956); Water Poll. 
Abs. (Brit.), 31, 2034 (Oct. 1958). 
Eldridge, E. F., Everts, 
C. M., Jr., and Clare, H. C., ‘‘ Radio- 
active Waste Problems Facing State 
Governments.’’ THIS JOURNAL, 29, 6, 
687 (June 1958). 


. Jones, 8. 8., ‘‘ Fission Product Separa- 


tions Study.’’ U. S. Atomie Energy 
Comm. Rept. KLX-10089 (Nov. 1957). 


. Jonke, A. A., Petkus, E. J., Loedling, J. 


W., and Lawroski, S., ‘‘The Use of 
Fluidized Beds for the Continuous Dry- 
ing and Calcining of Dissolved Nitrate 
Solutions.’’ Nuclear Sci. Eng., 2, 303 
(May 1957). 


74. Jordan, H. S., ‘*‘Problems in the In 


eineration of Radioactive Waste.’’ 
Proc. Heaith Physics Soc., 152 (1957); 
Nuclear Sci. Abs., 12, 8414 (July 15, 
1958). 

Kenny, A. W., ‘‘The Behaviour of Ra- 
dioisotopes in Sewage Treatment and 
the Disposal of Radioactive Wastes to 
Sewers.’’ Jour. British Nuclear Energy 
Conf., 2, 341 (Oct. 1957); Nuclear Sci. 
Abs., 12, 6568 (May 30, 1958). 

Kenny, A. W., ‘‘Radioactive Discharge 
to Sewers and Rivers.’’ Water Poll. 
Abs. (Brit.), 31, 1079 (May 1958). 


77. Lacy, W. J., ‘‘Radioactive Waste Dis 


posal Report on Seepage Pit Liquid 
Waste Shale Column Experiment.’’ U. 


65, 

| | 

68. 

56, 

57. 

58 

= 

4 

75. 

(Sa 

i 

63. = 

> 

Re 

a 


. 31, No. 6 


80. 


81. 


82. 


84. 


}. Manieri, D. 


88. 


90. 


8. Atomie Energy Comm. Rept. ORNL- 
2415 (1957). 


. Laey, W. J., and de Laguna, W., ‘‘ De- 


contaminating Radioactive Water.’’ 
Ind. Eng. Chem., 50, 1193 (1958). 


. Laey, W. J., and Lindsten, D. C., ‘‘Re- 


moval of Radioactive Contaminants 
From Water by Ion-Exchange Slurry.’’ 
Ind. Eng. Chem., 49, 1725 (1957). 

Lacy, W. J., and Lindsten, D. C., 
‘Water Decontamination: An Ion Ex- 
change Pilot Plant Study.’’ U. S. 
Atomie Energy Comm. Rept. CF-55-10- 
153 (Oct. 21, 1955). 

LaPointe, J. R., and Brown, R. D., 
‘*Control of Radioactive Material at 
the Pressurized Water Reactor.’’ U.S. 
Atomic Energy Comm. Rept. WAPD- 
T-436 (1957). 

LaPointe, J. R., ‘‘Radioactive Waste 
Disposal System.’’ U. 8S. Atomic 
Energy Comm. Rept. AECU-3602 (July 
1957). 


. Lieberman, J. A., ‘‘Treatment and Dis- 


posal of Fuel-Reprocessing Waste.’’ 
Nucleonics, 16, 2, 82 (1958). 

Lister, B. A. J., ‘‘Safe Disposal of 
Waste From Atomic Energy Establish- 
ments.’’ Surveyor, 117, 497 (1958); 
Water Poll. Abs. (Brit.), 31, 2019 
(Oct. 1958). 


5. Littlejohn, A. C., ‘‘The Separation of 


Fission Products by Electrolytic Pre 
cipitations.’’ Rept. AERE-C/R-1537, 
United Kingdom Atomic Energy Au- 
thority (Dee. 19, 1956); Nuclear Sci. 
Abs., 11, 6679 (July 15, 1957). 

A., and Truran, W. H., 
‘*Radioactive Waste Disposal at Knolls 
Atomie Power Laboratory.’’ U. 8. 
Atomie Energy Comm. Rept. TID-8017 
(Mar. 1958). 


7. Manly, C. G., ‘‘More on the Reprocess- 


ing Package.’’ 
2, 48 (1958). 

Maraman, W. J., Beaumont, A. J., 
Nanee, R. L., Roybal, J. C., and Wind- 
chester, R. S., ‘‘ Purification and Con- 
centration of Solvent Extracted Plu- 
tonium by Oxalate Precipitation.’’ U. 
S. Atomic Energy Comm. Rept. LA- 
1991 (1957). 


Chem. Eng. Progr., 54, 


. Medin, A. L., ‘‘Army Package Power 


Reactor Water Treatment and Waste 
Disposal.’’ Ind. Eng. Chem., 50, 989 
(1958). 

Millsap, W. A., and Shimmin, R. L., 
Acid Leach Resin-In-Pulp and CCD 
Solvent Extraction Pilot Plant Testing 
of Lakeview Ore.’’ U. 8S. Atomic 
Energy Comm. Rept. WIN-78 (1957) ; 
Nuclear Sci. Abs., 12, 6523 (May 1958). 

Moeller, D. W., ‘‘Radionuclides in Re- 
actor Cooling Water—Tdentification, 


1958 LITERATURE REVIEW. II. 


9; 


w 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


659 


Source, and Control.’’ 
Energy Comm. Rept. ORNL-2311 (June 
12, 1957). 

. Monet, G. P., ‘‘Method of Separating 


U. 8. Atomic 


Froths from Liquids.’’ U. 8. Patent 
2,820,759 (Jan. 21, 1958); Nuclear Sci. 
Abs., 12, 7005 (May 1958). 


. Morgan, J. M., Jr., ‘Report of Work- 


ing Meeting on Fixation of Radioac- 
tivity in Stable, Solid Media at the 
Johns Hopkins University.’’ U. S. 
Atomic Energy Comm. Rept. TID-7550 
(June 19-21, 1957). 

Moyal, M., ‘‘Uranium Ore Reduction. 
The French Process.’’ Nuclear Power, 
3, 125 (Mar. 1958); Nuclear Sci. Abs., 
12, 6561 (May 1958). 

National Research Council, ‘‘The Dis- 
posal of Radioactive Waste on Land.’’ 
U. 8. Atomic Energy Comm. Rept. NP- 
6503 (Sept. 1957). 

Newell, J. F., ‘‘Handling and Disposal 
of Radioactive Wastes.’’ Amer. Ind. 
Hyg. Assn. Quart., 19, 31 (Feb. 1958). 

Nicholls, C. M., and Boadle, C. D., 
**Throw-Away Filter Unit for Radio- 
active Liquids.’’ Nucleonics, 15, 11, 
142 (1957). 

Nigon, J. P., and Penneman, R. A., 
‘*Quantitative Separation of Americium 
and Plutonium Using Cupferron.’’ U. 
S. Atomie Energy Comm. Rept. LA- 
1079 (1957). 

O’ Neill, G. L., and Swift, W. H., ‘‘ Purex 
Waste Storage. Part I. 241-A Waste 
Storage Facilities.’? U. 8. Atomic 
Energy Comm. Rept. HW-41791 (Mar. 
7, 1956). 

Ophel, I. L., ‘The Disposal of Radioae 
tive Wastes.’’ Rept. AECL No. 450 
(1950) Atomie Energy of Canada Ltd. ; 
Water Poll. Abs. (Brit.), 31, 2022 
(Oct. 1958). 

Oreutt, R. G., Kaufman, W. J., and 
Klein, G., ‘‘The Movement of Radio- 
Strontium Through Natural Porous 
Media.’’ U. 8S. Atomie Energy Comm. 
Rept. AECU-3608 (Nov. 1956). 

Piceot, A. R., ‘‘Prediection of Radioac 
tive Disposal Problems in a Typical 
Organie Cooled and Moderated Power 
Reactor.’’ Health Physics, 1, 2, 232 
(Sept. 1958). 

Prout, W. E., ‘*‘ Adsorption of Radioac 
tive Wastes by Savannah River Plant 
Soil.’? Soil Sci., 86, 13 (July 1958). 

Regnaut, P., ‘‘ Extraction of Plutonium.’’ 
Energie nucleaire, 1, 196 (Oct.—Dee. 
1957); Nuclear Sci. Abs., 12, 6530 
(May 1958). 

Robinson, G. C., ‘‘Summary of Summer 
Work on the Incorporation of Radio 
active Isotopes in Ceramic Masses.’’ 


: 
: ih. 
7 
: 
= 
PS. 
: 
| 
< 
A St 
= 


SEWAGE AND INDUSTRIAL WASTES 


U. 8. Atomic Energy Comm. Rept. CF- 
58-4-74 (Apr. 16, 1958). 

. Robinson, M. T., Brooksbank, W. A., Jr., 
Reynolds, 8. A., Wright, H. W., and 
Handley, T. H., ‘‘The Behavior of 
Fission Products in Molten Fluoride 
Reactor Fuels.’’ Nuclear Sci. Eng., 4, 
3, 288 (Sept. 1958). 

. Rodder, E., ‘‘ Atomic Waste Disposal by 
Injection into Aquifers.’’ Proc. Nu- 
clear Eng. Sci. Congr., Part 1, 359 
(1957) ; Chem. Abs., 52, 13453 (1958). 
. Ruehle, A. E., and Stevenson, J. W., 
‘*Production of Uranium.’’ U. §&. 
Patent 2,813,004 (Nov. 12, 1957). 

. Ruhoff, J. R., and Winters, C. E., ‘‘Ura 
nium Purification Process.’’ U. 
Patent 2,813,001 (Nov. 12, 1957). 

. Sartorius, R., ‘‘Chemical Treatment of 
Low-Grade Uranium Minerals.’’ En- 
ergie nucleaire, 1, 3 (Jan.—Mar. 1957) ; 
Nuclear Sci. Abs., 12, 6555 (May 
1958). 

. Schewennesen, J. L., Michels, L. R., and 
Feldman, M. L., ‘‘ Process Design for 
the Livermore Waste Disposal Plant.’’ 
U. 8. Atomie Energy Comm. Rept. 
LWS-24632 (Apr. 1, 1957). 


2. Schoolmeester, J. E., and Martin, J. J., 


‘*Preparation of Radiation Sources 
from Fission Products by the Clay 


Process.’’ U. 8. Atomic Energy Comm. 
Rept. AECU-3618 (Aug. 1957). 

3. Schulte, J. W., ‘* Process Development 
Studies for Recovering Barium-140 
from Irradiated Enriched Uranium 


Rods. U. 8. Atomie Energy Comm. 
Rept. LA-2037 (1956). 

. Seaborg, G. T., and Willard, J. E., 
**Separation of Plutonium from Ura 
nium and Fission Products by Adsorp 
tion.’’ U. 8. Patent 2,819,144 (Jan. 7, 
1958). 


5. Seedhouse, K. G., ‘‘ Effluent Treatment. 


Precipitation Ion-Exchange Methods.’’ 
Nuclear Eng., 2, 413 (1957). 

. Setter, L. R., and Russell, H. H., ‘Chem 
ical Coagulation Studies on Removal of 
Radioactivity in Waters.’’ Jour. Amer. 
Water Works Assn., 50, 5, 590 (May 
1958). 


7. Smales, A. A., and Airey, L., ‘‘ Removal 


of qa-Activity from Effluent—Some Ex 
periments on the Use of Tannie Acid 
and Lime.’’ Rept. C/R-289, United 
Kingdom Atomic Energy Authority 
(1957); Chem. Abs., 52, 112 (1958). 

. Small, H., ‘‘The Recovery of Thallium- 
204 from Old Plating Baths.’’ Rept. 
AERE-I/M-35, United Kingdom Atomic 
Energy Authority (Sept. 29, 1954) ; 
Nuclear Sci. Abs., 11, 6654 (July 15, 
1957 


June 1959 


119. Smith, D. J., ‘‘A Continuous Ion-Ex- 


change System for Uranium Concentra- 
tion and Decontamination in the Thorex 
Process.’? U. 8. Atomic Energy Comm. 
Rept. KAPL-M-DJS-1 (Mar. 15, 1957). 


. Straub, C. P., ‘Atomic Energy Program 


for Waste Disposal. Part I.’’ Ind. 
Wastes, 3, 42 (1958). 


21. Straub, C. P., ‘‘ Atomic Energy Program 


for Waste Disposal. Part II.’’ Ind. 
Wastes, 3, 60 (1958). 


22. Straub, C. P., ‘Atomic Energy Program 


for Waste Disposal. Part III.’’ Ind. 
Wastes, 3, 91 (1958). 


3. Swope, H. G., ‘‘ Mixed Bed Ion-Exchange 


for the Removal of Radioactivity.’’ 
Jour, Amer. Water Works Assn., 49, 8, 
1085 (Aug. 1957). 


. Terrill, J. G., Jr., ‘‘Sanitary Engineer- 


ing and Reactor Waste Disposal.’’ 
Jour. San. Eng. Div., Amer. Soc. Civil 
Engrs., 83, SA5, 1407 (1957). 


25. Terrill, J. G., Jr., ‘*Some Public Health 


Aspects of Radioactive Wastes.’’ Bull. 
Atomic Scientists, 14, 1, 44 (1958). 


26. Thomas, H. A., ‘*Disposal of Slightly 


Radioactive Liquids in Streams.’’ Bull. 
Centre Belge Etude et Document. Eauz 
(Belgium), 62, 80; and 65, 204 (1956) ; 
Water Poll. Abs. (Brit.), 31, 431 (Feb. 
1958). 


. Thomas, P. N., and Shimmin, R. L., 


**The Alkaline Leach Resin-In-Pulp 
Process as Applied to Tobilto, Mesa 
Top and La Sal Ores.’’ U.S. Atomic 
Energy Comm. Rept. WIN-77 (Sept. 
10, 1957). 


28. Thunaes, A., Brown, E. A., and Rabbitts, 


A. T., ‘Alkaline Carbonate Leaching 
Process for Uranium Extraction.’’ U. 
8S. Patent 2,813,003 (Nov. 12, 1957). 


. Thunaes, A., Brown, E. A., Smith, H. 


W., and Simard, R., ‘‘Uranium Pre- 
cipitation Process.’’ U. 8S. Patent 
2,815,261 (Dec. 3, 1957). 


. Tsivoglou, E. C., Bartsch, A. F., Rushing, 


D. E., and Holaday, D. A., ‘‘ Effects of 
Uranium Ore Refinery Wastes on Re- 
ceiving Waters.’’ THIs JOURNAL, 30, 
8, 1012 (Aug. 1958). 


31. United Kingdom Atomie Energy Au 


thority, ‘‘Treatment and Disposal of 
Gaseous, Liquid and Solid Radioactive 
Wastes.’’ Rept. IGRL-IB/R-28 (Nov. 
1957). 


2. U. 8. Atomie Energy Comm., ‘‘Status 


Report on Handling and Disposal of 
Radioactive Wastes in the AEC Pro- 
gram.’’ U.S. Atomic Energy Comm. 
Rept. WASH-742 (Aug. 1957). 


3. U. 8. Atomic Energy Comm., ‘‘Summary 


Report: AEC Reference Fuel-Process 


| 
10¢ 

. 
107 
= 
108 
109 

11] 
: 
1] 

114 

2 
11 

: 
a 

2) 


. 31, No. 6 


ing Plant.’’ U. 8. Atomic Energy 
Comm. Rept. WASH-743 (Oct. 1957). 

. Vitro Corp. of America, ‘‘ Economic 
Evaluation of Potential Methods for 
Concentrating Reactor Wastes for Stor- 
age-Study of Idaho Chemical Process- 
ing Plant Wastes.’? U. Atomic 
Energy Comm. Rept. KLX-1723 (1957). 

. Voress, H. E., Davis, T. F., and Hub- 
bard, T. N., Jr., ‘‘Radioactive Waste 
Processing and Disposal: A Bibliog- 
raphy of Selected Report Literature.’’ 
U. S. Atomic Energy Comm. Rept. 
TID-3311 (June 1958). 

36. Wahl, A. C., ‘‘Process for Separating 
Plutonium from Impurities.’’ U. S. 
Patent 2,813,004 (Nov. 12, 1957). 

. Walsh, K. A., ‘‘ Extraction of Americium 
Nitrate with Tributyl Phosphate.’’ U. 
8S. Atomic Energy Comm. Rept. LA- 
1861 (1955). 

38. Walter, L., ‘‘ Radioactive Effluent Dis- 
posal.’’? Mech. World and Eng. Record, 
138, 34 (1958); Battelle Tech. Rev., 7, 
304 (1958); Pub. Health Eng. Abs., 
38, 11, 21 (1958). 

. Watson, C. D., Hoiberg, A. J., and West, 
G. A., ‘‘ Asphalt Lining of Radiochemi- 
eal Waste Storage Basins.’’ Ind. Eng. 
Chem., 50, 8, 87a (1958). 

. Watson, L. C., Rae, H. K., Durham, R. 
W., Evans, E. J., and Charlesworth, D. 
H., ‘‘Methods of Storage of Solids 
Containing Fission Products.’’ Rept. 
CRCE-736, Atomie Energy of Canada 
Ltd. (AECL-649) (June 1958); Nu- 


1958 LITERATURE REVIEW. II. 661 


clear Soi. Abs., 12, 13909 (Oct. 31, 
1958). 


. Werner, L. B., and Hill, O. F., ‘‘ Metal 


Recovery Process.’’ U. 8. Patent 
2,815,265 (Dee. 3, 1957). 


. White, J. M., and Lahaie, G., ‘‘ Ultimate 


Fission Product Disposal. The Dis- 
posal of Curie Quantities of Fission 
Products in  Siliceous Materials.’’ 
Chalk River Project No. 391 (1957) 
Atomic Energy Canada Ltd.; Chem. 
Abs., 52, 17997 (1958). 


. Whitman, A., and Porter, E. 8., ‘‘ Chemi- 


eal Stream Pollution From Uranium 
Mills.’’ U. 8. Atomic Energy Comm. 
Rept. WIN-99 (June 13, 1958). 


. Wibbles, H. L., and Miller, E. L., ‘‘Puri- 


fication Process.’’ U.S. Patent 2,819,- 
944 (Jan. 14, 1958). 


. Wieselberger, F., ‘‘The Waste Water 


Problem at the Munich Research Re- 
actor.’’ Gas- u. Wasserfach. (Ger- 
many), 98, 1245 (1957); Water Poll. 
Abs. (Brit.), $1, 1457 (July 1958). 


. Wolter, F. J., and Diehl, H. C., ‘‘Plu- 


tonium Compounds and Process for 
Their Preparation.’’ U. 8S. Patent 
2,819,280 (Jan. 7, 1958). 


. Wymer, R. G., ‘Fused Salt Processing: 


Tentative Flowsheet.’’ U. 8S. Atomic 
Energy Comm. Rept. CF-56-5-19 (1957). 


. Zeitlin, H. R., and Ullmann, J. W., 


**Radioactive Waste Economics: Op- 
timum Storage Time Prior to Shipping 
to Disposal Site.’’ U. S. Atomic En- 
ergy Comm. Rept. CF-55-10-101 (Oct. 
24, 1955). 


32ND ANNUAL MEETING IN DALLAS, OCTOBER 12-15, 1959 


Preparations are well along for the 32nd Annual Meeting of the Federation of 
Sewage and Industrial Wastes Associations, October 12-15, 1959, with the Texas 
Water and Sewage Works Association as host, at the Statler Hilton Hotel and 
the Dallas Memorial Auditorium in Dallas, Texas. 

Within the outstanding technical program will be sessions on: 


Sewage works management. 

Maintenance forum—treatment plant, and sewer. 
Industrial wastes forum. 

. Operators forum. 

. Symposium on industry—-municipality cooperation. 
. Research symposium. 


Ot CO DO 


The Federation, the Texas Water and Sewage Works Association, and the 
Water and Sewage Works Manufacturers Association look forward to welcoming 
a large and enthusiastic group and promise the trip to be well worthwhile. 

Watch the JournaL in July for later announcements. 
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Sewage Works 


This is one of four papers collectively forming a sewage treat 


ment cost reduction symposium. 


The fourth paper, on reduction of operating costs, appears on p. 753 
of this issue. 


At the present time, five out of 
every six states are exerting a sig- 
nificant measure of control over design 
of sewage and industrial waste treat- 
ment works. Under these circum- 
stances the state agency becomes more 
than just a balance wheel between re- 
search and development and practice. 
Its activities may serve either as a 
stimulant or a deterrent to the appli- 
cation of new methods designed to 
lower the cost of treatment. The ex- 
tent to which the agencies are effective 
depends on many factors: (a) state 
water resource policy, (b) the legisla- 
tion and appropriations under which 
the agency functions, (c) the relative 
abundance of surface water under its 
jurisdiction, and (d) the individuals 
immediately responsible for adminis- 
tering the agency’s program. 

State regulatory agencies differ in 
many ways. Washington is one of the 
few states which has a water pollu- 
tion control agency administratively 
separated from the health agency. An 

*Presented at the 31st Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Detroit, Mich.; Oct. 6-9, 1958. 
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STATE RESPONSIBILITY FOR COST REDUCTION IN 
WASTE TREATMENT FACILITIES * 


By WaAutTerR W. SAXxTON 
Supervising Pollution Control Engineer, State of Washington Pollution Control 
Commission, Olympia, Wash. 


The papers on activated sludge and 
digester processes and sewage treatment 
already been published in THis JourNnaL (81, 4, 
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construction have 
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agency created for this function alone 
differentiates between the protection 
of people, which is a public health 
agency responsibility, and the protec- 
tion of water for its diverse uses— 
many of which have no direct correla- 
tion with public health. 

In discussing the role of the state 
agency and its effect on the over-all 
eost of sewage treatment, it seems 
logical to consider the subject in terms 
of four general phases: (a) promo- 
tion, (b) preliminary engineering, 
(ec) design and construction, and (d) 
operation. These phases will be dis- 
eussed in that order. 


Promotion of the Project 


Motivating a city or town to action 
on a sewage treatment problem is usu- 
ally, although certainly not exelu- 
sively, a function of the state agency. 
This process may take only a few 
weeks or it may take several years. 
One thing which ean be said of the 
process, however, is that it costs the 
town little or no money. It is there- 
fore not considered as part of the 
cost of treatment in the sense that the 
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term is used here. Promotional and 
correlated educational activities are a 
very real item, however, in developing 
the agency’s budget. 


Preliminary Engineering 


Assuming the successful conclusion 
of the promotional or motivating 
phase, the procedure from this point 
with the smaller communities is likely 
to be as follows: 


1. The engineer negotiates with the 
city to prepare a preliminary report 
at a fee of somewhere between $500 
and $1,000, said sum to apply toward 
the total engineering fee if the project 
is built. 

2. Upon the signing of a contract, 
the job is turned over to a project 
engineer who becomes responsible for 
staying within a budget, seldom set 
higher than the stated fee for the re- 
port. 

3. The first step the project engi- 
neer takes is to write to the state 
regulatory agency asking for informa- 
tion on the degree of treatment re- 
quired for the community’s sewage. 

4. Readily available data (meteoro- 
logical, hydrographic, population, ex- 
isting facilities, and financial status), 
which are already assembled and 
tabulated, are obtained. 

5. ‘‘Edueated guesses’’ are made 
where no information on essential 
items of consideration is available. 

6. The process of assembling a re- 
port begins. 


The resulting document is essenti- 
ally a feasibility report but, when it 
is completed, it is often submitted to 
the town and the state agencies as a 
document from which design for con- 
struction will be done without further 
field study. 

It is surprising and disappointing 
to note that adequate collection and 
analysis of field data are the exception 
rather than the rule. There can be 
no serious disagreement with the con- 


TREATMENT COST REDUCTION 


663 


tention that a thorough field study, 
which develops accurate and reliable 
data on all pertinent factors, can 
eliminate initial overdesign or under- 
design—either of which will result in 
increased costs in the long run. Ade- 
quate preliminary engineering also 
allows for the most economical staging 
of subsequent expansions. Yet the 
present system, which encourages an 
engineer to give a low flat price for 
an engineering report, does not foster 
an adequate field engineering study. 
This situation is due partly to the 
lack of readily available funds in the 
majority of communities desiring to 
initiate a project of this type. Of 
the 159 municipally owned sewage 
treatment plants in the State of Wash- 
ington, 120 serve communities of less 
than 5,000 people and more than 90 
of these serve towns of less than 2,500 
population. Without doubt the engi- 
neer frequently expects to lose or, at 
best, break even at this stage of the 
project. He is willing to accept a low 
fee in order to get his foot in the door 
to keep it open. The responsibility 
for this unfortunately typical situa- 
tion must be shared by the engineer, 
the owner, and the state agency. Its 
correction is not simple. It is only 
too true that a firm which submits a 
realistic engineering proposal, based 
on anticipation of a thorough field 
study program, simply does not get 
the job. 

The engineering report is the most 
important phase of the project and 
its cost should be based on the actual 
amount of engineering investigation 
needed to establish the facts. The 
community which requires an engi- 
neer to set a fee which will look at- 
tractive to a budget-conscious city 
council is short-changing itself. What 
appears to be a saving in engineering 
costs can, in fact, cost a community 
a great deal of money in the long run. 
This is not an acceptable means of re- 
ducing the cost of sewage treatment. 
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Design and Construction 
The Engineer’s Responsibility 


The engineering study must estab- 
lish the following facts: (a) design 
population or flow, (b) degree of treat- 
ment to be provided, (¢) type of treat- 
ment, (d) plant site, and (e) the fact 
that the needed project is financially 
feasible. The project engineer then 
turns to the design standards, or 
guides, published by the state agency. 
He is indeed fortunate if the guides 
are considered in proper perspective 
by both the state agency and himself. 
Design guides should not be regarded 
crutch or as a strait jacket. 
Their function is to establish, for the 
design engineer’s advance informa- 
tion, that which is readily acceptable. 
[It remains the consulting engineer’s 
responsibility to use ingenuity and 
imagination in designing the most eco- 
nomical facility which will adequately 
meet the set of conditions presented. 
Design guides should not be so com- 
pletely detailed and so meticulously 
enforced as to discourage application 
of new developments and ingenuity 
to the utilization of an old and re- 
liable principle or process. The extent 
to which both the design engineer and 
the state agency adhere to this phi- 
losophy materially influences the rate 
at which new developments resulting 
in sewage treatment economies are 
translated into construction. 


as a 


Agency Approach 


The quality of the engineering, and 
thus the probability of an economical 
and effective project, is directly pro- 
portional to the degree of responsi- 
bility placed on the consulting engi- 
neer. However, the state agency has 
a proper responsibility, since most 
sewage treatment projects are financed 
by public funds, to protect a public 
resource. The control agency, in re- 
viewing plans and specifications for 
approval, acts most often in the direc- 
tion of making additional require- 
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ments rather than in making deletions. 
Unfortunately this does not result in 
a reduction in the bid price on the 
treatment project. However, it must 
be remembered that, unless the project 
accomplishes its objective, its value is 
seriously reduced regardless of the 
cost. 

One project for a federal installa- 
tion which was submitted for review 
showed a weir overflow rate of seven 
times the conventional rate for pri- 
mary clarifiers. The State of Wash- 
ington Pollution Control Commission 
objected, pointing out that suspended 
solids reduction would not be adequate 
for this primary plant. The inclusion 
of ‘‘H’’ weirs undoubtedly increased 
the construction cost but it also re- 
duced the chlorine cost which, on a 
7-mgd plant, amounted to a significant 
item. Based on what were admittedly 
theoretical calculations, a net economy 
was achieved and a better effluent pro- 
duced. 

While it is not the primary responsi- 
bility of the state agency to review 
plans for economy of design, it is 
appropriate for an agency to question, 
occasionally, features which appear 
unnecessary. For example, the Wash- 
ington Pollution Control Commission, 
a few years ago, refused to approve a 
treatment plant preliminary design, 
based on a population of 2,000, for a 
community of 775 people. The loca- 
tion of the community, its potential 
for growth, and its population history 
indicated that a 1980 population of 
1,000 was an optimistic prediction. 
This town had not previously had 
sewers, so actual flow measurements 
were not possible. In final design a 
much lower design capacity than that 
proposed was used. The plant is now 
in operation with a substantial savings 
in initial cost based on the engineer’s 
estimate. It was not difficult to con- 
vince the town council that, if their 
dreams of the town’s growth material- 
ized and expansion of the plant was 
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necessary, the added population would 
provide the needed finances. 

Recently, a contractor installed non- 
standard (by United States practice) 
voltage motors in a plant, having 
convinced the city that it could save 
a few dollars by purchasing equip- 
ment built by a foreign manufacturer. 
Under the ‘‘or equal’’ clause of the 
specifications there was little doubt 
that the equipment would do the job, 
so the engineer approved the equip- 
ment. All went well until a motor 
burned out. <A canvass of suppliers 
disclosed that neither replacement 
parts nor a new unit could be obtained 
except direct from the factory. The 
city is now investigating the cost of 
changing to standard equipment. 

Communities closely situated, often 
with contiguous boundaries, naturally 
develop rivalries. Sometimes these 
rivalries preclude cooperative effort in 
solving municipal sewerage problems, 
even though each community suspects 
that a joint effort would be mutually 
beneficial and result in savings to 
both. It is unlikely that a consulting 
engineer would run the risk of alien- 
ating a client by seriously promoting 
a joint project against city council 
resistance. In such instances a state 
agency can, and often does, propose 
that a feasibility study, at least, is 
justified. The Washington cities of 
Olympia and Tumwater now use a 
single sewage treatment facility as a 
result of such a feasibility study. 

In another instance a large state in- 
stitution was faced with the necessity 
for expanding and modernizing its 
treatment plant. At the same time a 
community two miles away was plan- 
ning to provide treatment for its sewage 
discharge. Surprisingly, the resist- 
ance to a joint project feasibility 
study came from the institution. The 
feasibility study showed that, by co- 
operating with the city, the institution 
could save annually enough to finance 
other much needed utility expansion 
and improvements. A similar joint 
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problem was solved by reversing this — 
procedure. <A large state institution 
and an adjacent sewer district de- 
veloped a joint project whereby the 
institution provided treatment capac- 
ity in its new plant for the sewer dis- 
trict. 

The growing acceptance of sewage 
stabilization lagoons is no doubt de- 
pressing to the sewage treatment 
equipment manufacturers. However, 
from an economics standpoint, the la- 
goon method, where applicable, is 
proving to be quite satisfactory. For 
many years, no one seriously consid- 
ered lagoons for the more humid cli- 
mate of the Pacifie states, particularly 
for the areas west of the Cascade 
Mountains. It was considered to be 
quite a gamble when the first sewage 
stabilization lagoon in the State of 
Washington was built in 1954. It 
worked so well, however, that five 
more were approved and built in the 
next three years. In 1958 five more la- 
goons, the largest one 40 acres, were 
completed or placed under construc- 
tion. In addition, construction plans 
are underway on seven more, the 
largest using a multi-cell design cover- 
ing approximately 200 acres for a pop- 
ulation of 40,000. The average con- 
struction cost of all Washington la- 
goons in operation, or under construc- 
tion, is $15.20 per capita. In the 
State of Washington the average cost 
per capita over a five-year period was 
$35.00 for conventional secondary 
treatment and $15.90 for conventional 
primary treatment. 

Is there a positive approach the 
state agencies can take toward the 
problem of reducing sewage treat- 
ment costs? Obviously the answer is 
not to dissect each set of plans with 
this purpose in mind. The agency’s 
influence should be exerted primarily 
before the design for a specific project 
gets to the drafting board. 

State regulatory agencies can set up 
procedures and make budget provis- 
ions for the express purpose of study- 
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ing and evaluating important new de- 
velopments, either in processes or 
equipment. The control agencies are 
sometimes reluctant to give approval 
to new developments until volumes of 
supporting and operation data are 
available. This attitude, while under- 
standable, is not necessarily an indica- 
tion that the best interest is served, all 
factors considered. A _ first-hand ob- 
servation by an experienced engineer 
of the development in full-scale opera- 
tion, and with those ac- 
tually operating the facility, can es- 
tablish the control agency's confidence 
in the development without waiting 
for the years of operating results. 

The state agencies can, by policy 
and action, help bridge the barriers 
posed by political boundaries of sub- 
ordinate governmental units. They 
can also help by promoting consolida- 
tion of utilities when such action ap- 
the best interest of 
economy of construction and more ef 
ficient operation. 


discussion 


pears to be in 


Plant Operation 


Probably the greatest failure in the 
entire process takes place at the opera 
tion level. <A fine spirit of enthusiasm 
is usually generated in those who par- 
ticipate during the promotion and con- 
struction stages of a project. Unfor- 
tunately this is very frequently lost 
when the facility passes into the sub- 
sequent stage of routine operation. 
The operator, the engineer, the city 
officials, and the state agency must all 
bear part of the responsibility for this 
failure. An operator, with increased 
experience, should be able to improve 
treatment plant performance 
observation, in far too many 
that the reverse is ac- 
The state agency, with 
usually limited personnel resources, 
cannot meet this problem solely 
through visits to the sewage treatment 
plants. In the State of Washington at 
the present time there are, in addition 
to 159 municipal treatment 
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plants, 44 plants which are treating 
the sanitary sewage from institutions, 
large industries, and government proj- 
ects. The best that the state agency 
ean do under these circumstances is 
to average two visits per year of a 
type which permit the agency engi- 
neer or technician to spend a half day 
or more at the plants instructing the 
operator. 

One of the 


technicians on sewage 
treatment plant operation in the 
Washington Pollution Control Com- 


mission was formerly chief operator of 
a plant serving a city of 13,500. The 
following are excerpts from field re- 
ports on his visits to neglected plants. 


1. City of 1,000 population, visit 
made at operators’ request after re- 
turn of chlorine machine sent to the 
factory for repair: 


I explained the use and operation of 
the machine while reconnecting the unit. 
It was found that the hard rubber ‘‘head’’ 
on the machine had been broken at the 
factory. Temporary repair was made. It 
was then found that the distribution line 
from the machine was completely clogged 
and also broken. After some effort the 
break was dug out and located... . Re- 
pair was made and the distribution hose 
freed of dirt and seale. . .. The machine 
was then finally placed in operation... . 
had 


Several years before, the machine 
clogged from lack of maintenance and 
cleaning, so it was secured and left to 
stand. 

2. Routine visit to plant serving 
town of 750 population : 

A tour of the plant indicated some 


laxity. This was explainable, in part, by 
the fact that the City and State Highway 
Department repaving streets 
about town and the operator had to spend 
most of his time watching the street crews 


were 


so they would not fill the sewer manholes 
with gravel and asphalt. Other than this, 
the only problems encountered were the 


inability to keep bearings and pump shafts 
on... pumps and a seum buildup in the 
digester due to insufficient heat. 


3. Visit to a 
population : 


plant serving 1,650 
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-a return visit was made to the 

. Sewage treatment plant. After some 
searching, located the operator. He had 
been put on a street repair job, part time, 
to replace a man who was on vacation. It 
was somewhat discouraging to note that 
even street repair work is put before good 
or adequate sewage treatment plant opera- 
tion. 

In talking with the operator it was 
learned that the recommendations made 
quite some time ago were not used because 
of the extra hour or so that would have 
had to be spent at the plant for additional 
digester recirculation and the added ex- 
pense of raising the digester temperature 
from the low 70’s to within the area of 
90°F. 


4. Return visit to a plant serving 
500 population : 


A new ... chlorinator replaced the orig- 
inal machine which had been nearly eaten 
away due to lack of maintenance and 
repair. I assisted the operator in ad- 
justing the machine to a proper residual 
and distribution as the original settings 
placed all chlorination to the headworks, 
thus nearly sterilizing the clarigester and 
thoroughly cleaning the trickling filter. 
The prechlorination was secured and re- 
adjusted to post chlorination. 


The above excerpts demonstrate the 
usual way in which the smaller com- 
munities ‘‘economize’’ on their sewage 
treatment expense. The fallacy of 
such economy is painfully evident 
when it becomes necessary to replace 
equipment which breaks down or be- 
comes completely useless due to ne- 
glect. In its sewage treatment plant, 
most small towns have one of its 
largest, if not the largest, single in- 
vestment in a public facility. And 
yet, all too often, the attitude toward 
this vital utility could be best ex- 
pressed by erecting a headstone at the 
sewage treatment plant gate reading, 
‘‘Here lies our town’s greatest re- 
sponsibility and investment—may it 
rest in peace.”’ 


Suggestions 


The following are suggestions on 
the practical steps which may be taken 
by the various interests with direct 
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responsibilities for sewage treatment 
to influence favorably the over-all cost 
of such treatment. 


For the State Agency 


1. Design guides should not be con- 
sidered in the same sense as regula- 
tions, and constructive criticism from 
engineers, equipment manufacturers, 
and operators should be welcomed. 
Revisions should be thoroughly dis- 
cussed with these interests before 
adoption by the state agency. 

2. There is need for clear informa- 
tion, readily available to municipal 
officials, on selection of an engineer. 
The state agency should work with 
the consulting engineers, possibly 
through their professional society, to 
develop an instruction manual de- 
signed specifically to fill the municipal 
officials’ need for guidance. 

3. Treatment needs, above a_ set 
minimum standard, should be deter- 
mined in each case by first establish- 
ing the quality requirements of the 
receiving water rather than by setting 
an arbitrary degree of treatment. 

4. Monetary assistance by the state 
during the preliminary engineering 
phase should be promoted. 

5. Continued emphasis on operator 
training is essential. 


For the Consulting or Design Engi- 
neer 


1. Design criteria should be de- 
veloped from thorough field engineer- 
ing conducted over a sufficient time to 
establish seasonal variations. 

2. An operation manual should be 
prepared for each plant. It should 
contain daily operation procedures, 
an equipment maintenance schedule 
for all plant equipment, a set of ‘‘as 
built’’ drawings of the plant, and the 
expected effluent characteristics. 

3. Contact with the plant’s oper- 
ator and plant operation should be 
maintained after the engineering fee 
has been banked. 
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For City Officials 


1. Adequate protective ordinances 
covering sewerage and sewage treat- 
ment should be adopted. 

2. The sewage treatment plant op- 
erator should be sent, at the expense 
of the city, to short schools and other 
outside training functions. The know- 
how he gains can save money for his 
employer. 

3. Periodic reports to the city gov- 
erning body on sewage treatment plant 
operation and costs should be re- 
quired. 

4. Adequate operator time at the 
sewage treatment plant should be pro- 
vided. 

For the Operator 

1. The conditions which are to be 
maintained in the receiving water and 
the required sewage treatment plant 


effluent characteristics should be 
thoroughly understood. 


Mar. 1959), Table IV was omitted. 
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In the paper, ‘‘Comparisons of Short-Term with 5-Day BOD Determinations 
of Raw Sewage,” by H. E. Orford and F. 


TABLE IV.—Observed and Computed Ratios of Short-Term BOD to 5-Day BOD 
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2. A record of costs on all plant op- 


erations should be kept. An annual 
summary of such costs is invaluable 
to the city when preparing its budget. 

3. Activities which bring operators 
together, such as operator sections of 
sewage and industrial wastes associa- 
tions, are valuable to the operator and 
he should participate when possible. 
State certification, if offered, should 
be worked toward. 

4. Help should be called for when 
needed—from the employer, the state 
agency, and from other operators. If 
an operator cannot repair a piece of 
equipment himself, he should get help 
from someone who can. 

5. The operator is responsible, to a 
large degree, for one of his city’s ma- 
jor investments. Total sewage treat- 
ment costs depend, to a considerable 
extent, on him and he should recognize 
this responsibility. 


E. Matusky (Tuts JourNaAL, 31, 3, 259; 


The text references to Table III on page 265 
should have been made to Table IV, which is given below. 


| 
| Observed Ratio of | Computed Ratio of | Observed Ratio of | Computed Ratio of 


Days Temp Short-Term BOD Short-Term BOD 5-Day BOD to | 5-Day BOD to 
CC) to 5-Day BOD to 5-Day BOD* Short-Term | Short-Term 
(per cent) (per cent) BOD | BOD 
1 20 47.4 46.8 2.11 2.16 
2 | 20 68.8 69.4 | 1.45 1.44 
3 20 82.0 82.6 1.22 1.21 
| 2 92.0 


100.0 


69.4 
92.3 


1.09 


99.3 


69.4 
92.0 


* According to Equations 5 and 6. 
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SOME CHARACTERISTICS OF ANAEROBIC 
SLUDGE DIGESTION 


I. EFFECT OF LOADING 


By Lee E. Ervin Hinopin, Jesse V. Lunsrorp,t 
AND GILBERT H. DuNSTAN 


Respectively, Research Assistant, Assistant Sanitary Chemist, Assistant Sanitary Engineer, 
and Head, Sanitary Engineering Section, Division of Industrial Research, 
State College of Washington, Pullman, Wash. 


An extensive amount of research 
work relative to the anaerobic digestion 
of raw sludge has been carried out in 
the last fifty years. The early experi- 
mental work on the problem of diges- 
tion was done primarily with batch 
type pilot units. Although the work 
indicated the complexity of the proc- 
ess, certain basic principles were recog- 
nized, among which were the presence 
of the various phases of digestion, the 
postulates of some of the mechanisms 
of digestion, and the identification of 
some important groups of microorgan- 
isms (1) (2) (3) (4) (5) (6). 

With the application of the radioac- 
tive tracer technique to the study of 
microbial metabolism, the exact mech- 
anisms of the relatively simple inter- 
mediate products of digestion were 
definitely established (7) (8) (9) (10) 
(11) (12) (13). The last ten years have 
seen great strides in the isolation and 
identification of the more important 
microorganisms associated with the di- 
gestion process (14) (15) (16) (17). 

Changes have taken place in the de- 
sign of the anaerobic digestion unit, 
since the innovation of treating sewage 
solids separately. The changes and re- 
finements were directed to produce 
more optimum conditions for digestion. 
Along with the alteration in design, 
new operational concepts have been in- 


*Present address: The Texas Company, 
Port Arthur, Tex. 
+ Present address: New Mexico State Uni- 


versity, State College, N. Mex. 


troduced, such as the value of mixing, 
mode of mixing, value of high-rate di- 
gestion, and the use of prethickened 
sludge (18) (19) (20) (21) (22) (28). 


Problem 


It is recognized that the anaerobic 
digestion of sewage solids is a complex 
phenomenon. The heterogeneous na- 
ture of the raw sludge and mixed bac- 
terial population has prevented a com- 
plete understanding of the factors 
influencing digestion. This investiga- 
tion is to determine the effect of one 
of these factors, rate of loading, on the 
anaerobic digestion process of raw 
sludge. 


Experimental Apparatus 


This study was carried out in dupli- 
cate with two laboratory digesters op- 
erating under identical conditions. 
Two 12-] glass round-bottom flask di- 
gesters were immersed in a 37°C water 
bath as illustrated in Figure 1. The 
gas evolved by the digesting material 
was collected in a brine displacement- 
type gasometer. Although mixing fa- 
cilities were provided for in the de- 
sign, the digesters were used as single 
stage non-mixing type units after the 
first 27 wk. The results during this 
preliminary study are not reported. 


Experimental Procedure 


Ten liters of digesting sludge ob- 
tained from the primary digester at the 
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Pullman, Wash., sewage treatment 
plant were placed in each of the 
two experimental units. One-half of 
the computed volume of raw sludge for 
a detention time of 33 days and a load- 
ing of 0.05 lb of volatile solids per 
cubic foot of digester capacity per day 
was added initially. The volume was 
gradually increased so that after six 
weeks the digesters were being fed the 
computed volume of raw sludge. After 
the digesters had reached a point of 
steady state the supernatant, the di- 
gested sludge, and digester gas were 
routinely analyzed for their chemical 
characteristics. 

A detention time of 33 days was 
maintained throughout the study. The 
rates of volatile solids loading selected 
for study were 0.05, 0.075, 0.10, 0.11, 
and 0.135 lb/day/ eu ft of digester ca- 
pacity. In order to obtain these load- 
ing rates and yet maintain the deten- 
tion time constant the feed had to be 
diluted for volatile solids loadings of 
less than 0.075 lb/day/eu ft of digester 
capacity or concentrated by centrifug- 
ing for loadings in excess of this level. 
Gravity feeding was employed when 
the raw sludge contained less than 8 


| 
FIGURE 1.—Schematic diagram of laboratory digestion equipment. 


per cent total solids. Force feeding 
was necessary when the solids content 
exceeded 8 per cent. 

The digesters were fed daily and the 
resulting supernatant overflow  col- 
lected for the following tests: pH, 
alkalinity, volatile organic acids, and 
suspended solids. The pH and alkalin- 
ity were determined daily using an 
automatie titrator. The suspended 
solids were determined weekly. Sepa- 
ration of the volatile acids was 
facilitated by using partition chro- 
matographic procedures devised by 
3ulen et al. (24) and modified by Te- 
letzke (25) and by Mueller et al. (26). 
The volume of the digester gas was 
measured daily prior to feeding. The 
per cent of carbon dioxide in the gas 
was determined weekly using an Orsat 
type instrument. The total and vola- 
tile solids of the raw and digested 
sludge were determined weekly. All 
chemical analyses were carried out ac- 
cording to the procedure of ‘‘Standard 
Methods’’ (27), with the exception of 
the volatile acids separation and deter- 
mination which used methods devel- 
oped by others (23) (24) (25). 

The feed consisted of solids settled 
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from the raw sewage and from the cel- 
lular material sloughed off a high-rate 
trickling filter at the municipal sewage 
treatment plant. The raw sludge was 
a true domestic sludge as the com- 
munity does not possess any industrial 
establishments. 

Raw sludge was obtained weekly. 
Since sludge is a heterogeneous mix- 
ture of settleable sewage solids and as- 
sociated microorganisms, it is probable 
that the nutritional composition of the 
feed was not always the same even 
though the volatile solids remained the 
same. The raw sludge obtained con- 
tained at least 5.4 per cent total solids 
of which 75 per cent were volatile. 
Analyses of the dried raw sewage solids 
on two occasions compared well with 
Neave and Buswell’s earlier work (1) 
as shown in Table I. 

Analysis of the raw sludge refriger- 
ated at 4°C showed no change in the 
volatile solids content and pH, and lit- 
tle in the alkalinity; but a noticeable 
increase in the volatile acids content 
occurred after seven days. 


Mathematical Consideration 


The data obtained from the digesters 
were studied to determine the justifica- 
tion of considering the values as from a 
single source. Both digesters were 
started with the same seed materials, 
daily feedings were from the same lot 
of raw sludge, and the digesters were 
subjected to identical sampling pro- 
cedures. It was thought that the data 
would be identical for each, within the 
limits of experimental error. The sta- 
tistical methods applied indicated that 
this assumption was correct and that 
the data be regarded as obtained from 
a single source. The data presented 
in the following illustration and tables 
are average values of the chemical 
indices of particular constituents of the 
digesting material at specific loadings. 
The averaged values are results of data 
obtained over a minimum period of 
five weeks. 
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The digesters were initially operated 
at the rate of 0.050 Ib of volatile matter 
per cubic foot of digester capacity per 
day. The supernatant liquor was a 
milky white liquid having the follow- 
ing characteristics: suspended solids of 
400 ppm, total alkalinity of 4,121 ppm 
as CaCO,, pH of 7.39, and total volatile 
acids of 330 ppm as acetic acid. The 
quality and quantity of the gas pro- 
duced was as follows: total gas produe- 
tion of 0.458 efd, or 9.33 efd/lb of 
volatile material added, and the carbon 
dioxide content of the gas was 30 per 
cent. The digested material contained 
37 per cent volatile matter. The di- 
gesters were obtaining an average of 
77 per cent reduction in volatile solids. 
The digested material had the char- 
acteristics of a relatively stable inof- 
fensive sludge. 

With an increase in the loading rate, 
a change in the chemical character- 
istics was anticipated. Mechanisms of 
bacterial metabolism and the ability 
of the microorganisms to grow in an 
altered environment must be con- 
sidered in evaluating the changes in the 
magnitude of the chemical character- 
istics. An increase in the feeding rate 
is an increase in food supplied for the 
digester flora. Unstable conditions will 
exist until the microorganisms have be- 
come fully adapted to their new en- 
vironment or a modification of the en- 
vironment would have taken place. 
Such conditions may bring about an 
increase in the microbial population 


TABLE I.—- Comparison of the Composition 
of Individual Samples of Dried Sewage 
Solids With That of Other 

Published Data 


Analysis (per cent) 


Dried Solids Source 


Protein Grease | 

Neave and Buswell (1) | 19.4 | 25.2 | 11 
Raw sludge lot 100 22.5 | 10.9 | 21.4 
20.3 | 12.5 23.7 


Raw sludge lot 147 
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FIGURE 2.—Relationship of total volatile 
acids to volatile matter loading. 


and/or initiate an environmental se- 
lection of the more compatible micro- 
organisms. 

Accompanying an increase in loading 
rate was an increase in bacterial ac- 
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FIGURE 3.—Relationships of chemical 
characteristics to loading level. 
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FIGURE 4.—Relationships of gas produc- 
tion to loading level. 


tivity. The volatile organic acids, an 
intermediate product of anaerobic me- 
tabolism of all digestible organic solids, 
increased with an increase in loading, 
as illustrated in Figure 2. Other in- 
termediate products of digestion also 
increased. The alkalinity increased as 
the loading level increased as shown in 
Figure 3. 

If the production of substances caus- 
ing alkalinity is in balance with the 
volatile acid production and the buffer- 
ing capacity is not seriously affected, 
there should be little or no change in 
the pH. This was verified as illus- 
trated in Figure 3. 

With an increase in the intermediate 
products, an increase in the final 
products oceurred. This will happen 
if there is not a formation of toxic 
material or an accumulation of in- 
hibitory substances. Total gas pro- 
duction increased until the volatile 


solids loading in the digester reached 
gas 
shown in 


0.11 Ib/day/eu ft, thereafter 
production decreased as 
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Figure 4. It has been known that 
a volatile organic acids concentration 
above a certain level will inhibit the 
activity of certain gas producing or- sor 
ganisms. In this study, the inhibi- 

. tion occurred when the rate of feed- ah 

ing volatile matter to the digester 

reached 0.11 lb/day/eu ft, at which 
time the volatile acid concentration 
was 2,028 ppm of acid as acetic acid. 

Another factor which may have af- 

fected the gas production is the rela- 

tive rates of growth of the various 
groups of microorganisms under the 
prevailing conditions. 

A rise in the carbon dioxide con- 
tent occurred as the rate of loading 
increased as shown in Figure 5. 
However, the increase in the carbon 


VOLATILE MATTER LOADING 
dioxide content may not have been LB/DAY/CU FT DIGESTER CAPACITY 


caused directly by the increased vol- FIGURE 5.—Carbon dioxide content of gas 
atile acids content. If, however, at various digester loading levels. 
there is a rise in the volatile acid con- 
tent without an equivalent rise in alka- In both investigations it was found that 
linity, the excess acid will react with butyric, propionic, and acetic acids 
the buffering system. As the bicar- were in preponderance during normal 
bonate ion is a major constituent of the digestion of sewage solids. This was 
buffering system, the neutralization of verified by the data of Table II. The 
the acid will produce carbon dioxide three major acids exceeded 96 per cent 
as one of its products. Assuming the of total acids present. Stadtman and 
digesting liquid is saturated with car- Barker (8) (9) (10) have shown that 
bon dioxide, the excess carbon dioxide methane may be formed either by the 
will enter into the gas storage cylinder. reduction of carbon dioxide by hy- 
Mueller et al. (26) have shown the drogen or the anaerobic digestion of 
presence of butyric, propionic, acetic, acetic acid. The mode of methane 
pyruvic, formic, and the lactic-suecinie production will depend on the micro- 
acids. Teletzke (25), using a slightly organisms present and the type of di- 
different modification, was able to sepa- gestible organic material available. 
rate butyric, propionic, acetic—pyruvic They have also shown that if carbon 
group, formic, suecinic, and lactic acids. dioxide is present in the solution, the 


PER CENT CARBON DIOXIDE 


25r 


TABLE II.—Distribution of Component Volatile Acids for Various 
Volatile Matter Loadings 


Volatile Matter | 


| | 
(Ib/day/eu ft) (per cent) on i | (per cent) | (per cent) (per cent) 
0.05 | 4.45 | 23.03 | 6890 | 4173 1.82 
0.075 10.02 | 25.29 63.01 0.87 0.79 
0.10 12.44 29.73 58.38 0.40 0.27 


0.11 | 14.36 29.83 55.39 0.22 0.20 
0.135 19.72 32.50 47.32 0.18 
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FIGURE 6.—Component volatile acid rela- 
tionship at various digester loading levels. 


microorganisms will produce a gas with 
a higher methane to carbon dioxide 
ratio from propionic or butyric acid 
than from acetic acid. As the loading 
level increased, a change in the distri- 
bution of the component volatile acids 
occurred as shown in Figure 6. This 
occurrence indicated that the rate of 
metabolism of propionic and butyric 
acids was less than their production 
while the rate of metabolism of the 
acetic acid had surpassed its rate of 
formation. It was anticipated that a 
digester gas of a higher carbon dioxide 
content would be produced with an in- 
crease in total volatile acids and a de- 
crease in the relative amount of acetic 
acid. Experimentally, this occurred at 
each increased loading rate. 

Since the gas production per unit 
feed per day decreased linearly at in- 
creased loading rate according to Fig- 
ure 4, a decrease in the quality of the 
digested sludge, was anticipated. Ta- 
ble III shows that an increase in the 
volatile solids of the digested sludge 
did oceur. 

The efficiency of the digester as meas- 
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ured by the per cent reduction in vol- 
atile solids was expected to decrease 
with inereased loading rates. There are 
variables other than the gas produc- 
tion per unit feed per day which af- 
fected the digester efficiency. One of 
these factors is the quality of the su- 
pernatant overflow. There was ap- 
proximately a 180-fold increase in the 
suspended solids in the supernatant 
as the volatile solids loading increased 
from 0.05 to 0.135 Ib/day/eu ft of di- 
gester capacity. This is shown in Ta- 
ble III. A large amount of digestible 
material would be removed by way of 
the solids in the supernatant. The 
actual quantity of solids being digested 
is somewhat less than the amount com- 
puted for the specific rate. 

Figure 7 shows the relationship be- 
tween volatile solids loading and per 
cent reduction in volatile solids in the 
digester. The rate of reduction begins 
to fall off sharply as the loading in- 
ereases beyond 0.100 Ib/day/ecu ft of 
digester capacity. There appears to 
be a practical limit to the degree of 
digestion of a particular sludge. The 
maximum loading level at which this 
limit is reached may be regarded as the 
critical loading level from which max- 
imum reduction in the volatile solids 
may be obtained. 

Such factors as increased suspended 
solids in the supernatant, practical 
limit of sludge digestion, and quantity 
of gas per unit feed per unit time will 
have an effect on the degree of reduc- 
tion of volatile material the digester 
ean obtain. 


TABLE III.—Solids Content of Various 
Constituents of Test Digester 


Volatile Matter 
Loading in 
Digester 


Volatile Solids 
Content of 
Digested Sludge 


Suspended Solids 
in Supernatant 


(Ib/day/cu ft) | (per cent) (ppm) 
0.050 37 400 
0.075 39 810 
0.100 44 10,620 
0.110 46 44,900 
0.135 55 71,000 
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Conclusions 


Anaerobic digestion of sewage solids 
is a complex phenomenon. The hetero- 
geneity of the digestible material and 
the mixed bacterial population ob- 
secures the picture of the individual 
mechanisms involved. a _ result, 
various chemical tests relative to the 
simple intermediate and final products 
of digestion are used as artificial eri- 
teria for the evaluation of digester con- 
ditions. 

This study has shown that not one 
but many chemical characteristics must 
be studied for a proper evaluation of 
digester conditions. All the character- 
isties are directly or indirectly depend- 
ent on the digestible material being 
fed. 

At the present time, the total volatile 
acids content is considered the most 
important characteristic. However, the 
organic acid concentration is greatly 
influenced by the nutritional composi- 
tion and the quantity of volatile solids 
in the raw sludge. The total volatile 
acid cannot be considered solely, be- 
cause of the influence of the nutritional 
composition of the raw sludge and the 
nature of the industrial waste solids 
on the quantity and distribution of the 
potential individual volatile acids. It 
was found that total volatile acidity in 
excess of 2,000 ppm as acetic acid will 
inhibit gas production. 

Of greater importance is the volatile 
acid alkalinity relationship. The vol- 
atile acids must be in balance with the 
alkalinity for normal digestion to oceur. 

Variation in the pH will occur only 
after the volatile acidity-alkalinity bal- 
ance has been destroyed or seriously 
affected. 

An inereasing proportion of carbon 
dioxide in the gas will almost always 
result from the neutralization of the 
free volatile acids by the buffering 
system. The variation of this index 
of digestion will result just prior to an 
alteration of the volatile acidity-alka- 
linity balance. 
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FIGURE 7.—Relationship of volatile solids 
reduction at various loading levels. 
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Although very little work has been 
done with the relationship of the com- 
ponent volatile acids, their relative 
ratios may aid in a predictive manner. 
Increasing anounts of butyric and pro- 
pionic acids with decreasing concentra- 
tions of acetic acids were synonymous 
with decreasing digester efficiency in 
this study. 

The chemical characteristics of the 
final products such as the volatile solids 
content of the digested sludge and the 
gas production must be considered in 
view of the chemical characteristics of 
the intermediate products. The rela- 
tive quantity of volatile material in the 
digested sludge indicates what the aver- 
age condition of the digester has been 
during the detention time of that par- 
ticular sample of digested material. 
Gas production is very susceptible to 
variations even under normal digester 
operation. However, a continually de- 
creasing gas production indicates de- 
creasing efficiency. 

The obvious aim in the operation of 
a digester is to feed sludge at the high- 


a% 
10 
2 
3 
e 
jae 
& 
= 


676 


est possible loading rate within maxi- 
mum efficiency limits. In this study, 
with a detention time of 33 days, a vol- 
atile matter loading of 0.075 lb/day/ 
eu ft provided near maximum effi- 
ciency. 


Summary 


This study indicated under normal 
operational conditions that the follow- 
ing will occur: 


1. At increased loading rates, an in- 
crease in these chemical characteristics 
oceurred: (a) total volatile organic 
acids, (b) alkalinity, (c) suspended 
solids in the supernatant, (d) relative 
quantities of butyric acid and pro- 
pioniec acid, (e) relative amounts of 
carbon dioxide in the gas, and (f) 
volatile solids content of the digested 
sludge. 

2. At increased loading rates, a de- 
crease in the following occurred: (a) 
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gas production per unit of volatile mat- 
ter added per unit of time, (b) volatile 
solids reduction, and (c) the relative 
quantity of acetic acid. 

3. Increased loading rates did not 
affect the pH. 

4. Total gas production was inhibited 
when the total volatile acids were pres- 
ent in excess of 2,000 ppm as acetic 
acid. 

5. A critical loading level exists from 
which a decrease in loading will have a 
negligible effect on the per cent reduc- 
tion of the volatile solids, while an in- 
crease in loading will have a marked 
decrease in the per cent reduction of 
the volatile solids content. 
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FERTILIZING CHARACTERISTICS OF SEWAGE 
SLUDGE * 


By Myron S. 


ANDERSON 


Principal Soil Scientist, Soil and Water Conservation Research Division, Agricultural 
Research Service, U. S. Department of Agriculture, Beltsville, Md. 


Interest in the use of sewage sludge 
as a fertilizer dates essentially from 
1927 when a large activated sludge 
treatment plant went into operation 
for the city of Milwaukee, Wis. (1) (2). 

The chemical composition and ferti- 
lizer value of sewage sludge depend in 
part on the method of treatment from 
which the sludge is obtained. Sewage 
sludge and its relative value as ferti- 
lizer may be divided into three groups: 


1. Undigested sludge from secondary 
treatment in general which is of great- 
est fertilizer value. 

2. Digested sludge from primary 
treatment which is of lower fertilizer 
value and is often used as a soil con- 
ditioner or mulch material. 

3. Material prepared from a combi- 
nation of the two processes which may 
be a little better than that obtained 
from primary treatment. 


Chemical Composition of Sludges 


An approach to the approximate use- 
fulness of these processed sewage mate- 
rials can best be made by consideration 
of their chemical compositions and 
other properties. Table I gives a gen- 
eral idea of the primary fertilizing 
constituents present in sludges from 
some different types of plants. 

The value of sludge is strongly in- 
fluenced by its nitrogen content, par- 
ticularly when the content of this con- 
stituent is relatively high as in the case 
of sludge obtained from activated 

* Presented at the Annual Meeting of the 


Indiana Sewage and Industrial Wastes Assn.; 
Indianapolis, Ind.; Nov. 5-6, 1958. 


sludge treatment (3). Nitrification 
rate is also an important factor, al- 
though such a determination is seldom 
made by fertilizer control officials. 
Some knowledge of relative nitrifica- 
tion rates is available from the rather 
secant literature on the subject. Data 
are given in Table II. 

The nitrification rates of activated 
sludges tend to be about 214 times 
those of digested sludges, and the nitro- 
gen contents also about 21% times as 
much. If both of these factors are con- 
sidered, making a resultant factor of 
6.25, about the same relative differences 
are shown as are frequently found in 
market values. 

Table III shows the appreciable in- 
crease during a recent 20-yr period in 
the phosphoric oxide content of sludge 
from the activated sludge treatment 
process as evidenced by the increase of 
P.O, from 3.2 to 5.7 per cent. 

The higher phosphate contents are 
due mainly to two factors: (a) the ex- 
tensive use of modern phosphatic de- 
tergents, and (b) to a lesser extent, 
inclusion of ground bones and other 
highly phosphatic residues from home 
and institutional garbage disposal sys- 
tems. The nitrogen contents of the 
two types of sludge have not changed 
greatly over a period of vears. 


Minor Elements 


A group of minor element determi- 
nations for different types of sewage 
sludges was recently reported (4) (5). 
Summarized data are given in Table 
IV. 

It is apparent that the minor element 
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TABLE I.—Chemical Composition of Selected Sewage Sludges 
Primary Fertilizing Constituents | 
(per cent) | 
Treatment Plant Ash 
"| poew ted “ Goures of Sludge Total Total Acid (per cent) 
(P205) (K20) 

Chicago, Ill. Activated sludge 

(undigested) 5.60 6.97 0.56 37.4 
Milwaukee, Wis. Activated sludge 

(undigested) 5.96 3.96 0.41 27.7 
Washington, D. C. | Digested 2.06 1.44 0.14 56.2 
Rochester, N. Y. Digested 2.54 1.16 0.29 42.8 
Baltimore, Md. Digested primary + 

activated sludge + 

trickling filters 2.92 | 2.83 - — 
Des Moines, Iowa | Digested primary + | 

activated sludge + 

trickling filters 1.81 0.40 61.4 
Anonymous Imhoff tank sludge 2.54 1.16 0.29 42.8 


contents of sewage sludges vary widely. 
Such variation is not surprising, since 
materials from various industrial proc- 
esses find their way into city sewers. 


Fertilizer Use 


Since sewage sludge is high in or- 
ganic matter, it may find a place in 
markets as an organic ammoniate in 
competition with certain seed meals 
and pomaces. It is sometimes used as 
a conditioner for mixed fertilizers, also 
as a mulch material for horticultural 
plants, or as a soil conditioner. The 
nitrogen content and quality essen- 
tially fix its value as a fertilizer. The 


better quality sludge is ordinarily used 
for turf, home gardens, and specialty 
crops. However, the relatively low nu- 
trient content of sewage sludge does 
not permit it to compete with other ni- 
trogen fertilizers if long-distance trans- 
portation costs are considered. 

Use of sewage sludge as a fertilizer 
appeals to the limited number of people 
who believe that chemically processed 
fertilizers should not be applied to soils, 
especially where garden vegetables are 
to be grown. The acreage of land thus 
involved is presumably not large, and 
the potential market for sludge to be 
used in this way not very great. 


TABLE II.—Comparison of Nitrification Characteristics of Activated Sludge and 


lreatment Plant Location Source of Sludge 


Chicago, Il. | 


| 

| (undigested) 
Milwaukee, Wis. | Activated sludge 

| (undigested) 
Washington, D. C. | Digested 
Rochester, N. Y. Digested 


* Used as a comparison with various sludges. 


Activated sludge 


Ammonium sulfate* 


Digested Sludge with Ammonium Sulfate 


| Portion of Nitrogen Converted 
| to Nitrate at 30°C at 


Total Different Time Periods 
Nitrogen (N) | (per cent) 
per cent) 
| 4Wk ' 12 Wk 
5.60 42 
| 
| 5.96 | 49 57 
2.06 | 4 | 18 
2.54 15 23 
20.5 89 a0 
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TABLE III.—Comparison of the Nitrogen and 
Phosphoric Oxide Content of Activated 
Sludge and Digested Sludge, 

1931-35 and 1951-55 


Digested 
Sludge 


Activated 

Sludge 
Determination |—_—_—- 
1931- | 1951 
35 55 


| 

| 

| 


Nitrogen (% 
Min 
Max 
Avg 
Phosphoric oxide 
[P2f Ys] (%): 
Min 
Max 
Avg 


About thirty years ago field tests in- 
volving the growing of common garden 
crops were made with sludge from the 
Baltimore sewage treatment plant (6). 
These tests showed that sludge applied 
to soil continued to supply nitrogen 
to the crop during the second year 
after application. 

Organics have in years past been ex- 
tensively used by growers of cotton and 
tobacco. A sizable tonnage still goes to 
areas where tobacco is grown. It is 
popular as a carrier of some of the ni- 
trogen used for growing this crop. The 
tonnage of several organics used varies 
widely from time to time. Table V 
illustrates the changes between 1910 
and 1950 (7). 

Several factors influence the demand 
for organic ammoniates as fertilizer: 


Sludge 


Zine 


Activated sludge: 
Min 
Max 
Avg 

Digested sludge: 
Min 
Max 
Ave 


950 
3,650 
2,500 


1,500 
916 


$15 
1,980 
645 


1,350 
3,700 
2,459 
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1. Different forms of chemical nitro- 
gen have encroached on the organic 
field. 

2. Higher analysis mixed fertilizers 
are extensively demanded. 

3. Certain organics are sold at a 
premium as animal feed. 


The fertilizer industry cannot suc- 
cessfully compete with animal feeds in 
this market. Cottonseed meal and fish 
meal are now widely used as feed; 
hence, their near disappearance from 
fertilizer markets. Castor pomace is 
poisonous when used as feed; hence it 
is limited to use as a fertilizer. 

Sewage sludges first entered the fer- 
tilizer markets of the United States 
about 30 years ago. Sewage sludge 
consumption as a fertilizer over a pe- 
riod of years is shown in Table VI. 

The first reported sale of sludge as 
fertilizer was in 1927 (4). Activated 
sludge now has a relatively important 
place as a material for direct applica- 
tion to soil, as well as a constituent of 
mixed fertilizer which is used for spe- 
cific purposes. Digested sludge is used 
in much smaller tonnage, only a minor 
portion being used in mixed fertilizer. 

Organic conditioners that were ex- 
tensively used in mixed fertilizers a 
few years ago are now much less im- 
portant in the trade. There is now in- 
creasing demand for higher analysis 
fertilizers in pelleted form with organ- 
ics completely omitted. The demand 
for organics of Jow nitrogen content is 
essentially a local one where the mate- 


Element (ppm) 


Boron | Manganese 


65 
190 
| 
| 


| Molybdenum 


134 


| 
| 
| 


~ 

14 | 48 | 13 18 

64 | 60 | 30 | 3.1 
6.0 5.6 | 2.2 2.4 
3.2 | 40 | 08 0.9 
ey 3.8 74 | 3.8 | 5.0 4 
32 | 57 | 21 | 2.7 

a TABLE IV.—Minor Chemical Elements in Activated Sludge and Digested Sludge 2 

385 6 6 
33 16 

: 15 12 

| 
9 | 6 
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TABLE V.—Annual Production and Consumption of Certain Natural Organic Materials 


During Selected Years 1910 to 1950 in Units of 1,000 Tons 


Cottonseed Meal Castor Pomace Fishery By-products 

Production | | Production | | Production | Consumption 
1910 1,326 | 442 7 17 78 80 
1920 1,817 447 15 23 121 100 
1930 2,232 215 27 40 127 74 
1940 1,882 | 115 58 65 192 34 
1950 2,555 60 73 82 240 | s 


* Consumption in excess of production is accounted for by imported materials. 


rials sell at low prices. A few prices at 
places of production are given in Table 
VII. 

Referring to Table VII, it should not 
be assumed that the various carriers of 
nitrogen are of equal value for all pur- 
poses. No. 1 is excellent for turf, either 
for direct application or for use as a 
constituent of mixed fertilizers. No. 2 
is approximately equal to No. 1 as a 
fertilizer, but is dusty to handle until 
it is processed with other materials. 
No. 6 is of slightly higher nitrogen con- 
tent than Nos. 1 and 2, but the nitrogen 
quality and usefulness are about the 
same. Furthermore, for fertilizer con- 
siderations No. 6 finds its greatest use 
in the manufacture of mixed fertilizers. 
None of these three materials burns 
plants as readily as does an equal quan- 
tity of water-soluble chemical nitrogen. 
The activated sewage sludges usually 
are not used on house plants, because 
of the possibility of development of un- 


TABLE VI.—Consumption of Sewage Sludge 
as Fertilizer in Tons for Stated Years, 
1930 to 1957 


Dried Activated Dried Digested 
Sludge | Sludge 
ear As As 
Separate | | Sebarate | 
1930 14,852 17,811 
1940 | 26,307 | 78,992 | 23,000 | 3,000 
1945 29,261 61,306 | 30,274 5,791 
1950 63,366 | 55,965 | 30,738 6,581 
1953 69,494 — 36,719 - 
1957 93,152 37,577 


desirable odors. No. 3 is sold by the 
city to a jobber who orders carload lots 
sent to various mixing plants. A large 
part of this material presumably serves 
as a fertilizer conditioner and as a 
source of nitrogen for tobacco produc- 
tion as well as for other crops where 
organic forms of nitrogen are particu- 
larly desired. No. 6 is formulated es- 
pecially for use on turf. The nitrogen 
is of low water-solubility, but is avail- 
able to plants throughout a growing 
season. 

No. 8 is usually the cheapest form of 
chemical nitrogen, but presents certain 
problems of application. No. 9 is 
widely used as a solid form of chemical 
nitrogen for direct application to land 
and in mixed fertilizers. No. 4 is avail- 


TABLE VII.—-Wholesale Prices of Nitrogen 
at Points of Production 


ma 
No. Material ny ‘Pound 
(per cent) 
1 | Milwaukee sludge 6 35 
2 | Chicago sludge | 5-6 25 
| Baltimore sludge 10 
| | Washington sludge | 2 | Free 
5 | Lancaster, Pa., 
stockyard manure 1.5 10 
6 | Cottonseed meal* | 6.5 | 48 
7 | Urea-formt |. 3 | 36 
8S | Anhydrous 
ammonia* | 82 5 
9 Ammonium sulfate, | 
| synthetic 


* October 6, 1958. 
+ Sold under various trade names. 
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able to anyone who will haul it away. 
Much of the sludge has been used on 
turf in park areas. 

Sometimes claims are made that the 
minor element contents of various or- 
ganics add greatly to their value as 
fertilizers. As a rule, purchase of un- 
determined quantities of minor element 
compounds in indefinite chemical forms 
is not recommended. Such materials 
should be used only when the soil is 
known to be deficient. The quantities 
of the various minor elements present 
in sewage sludges are probably seldom 
toxic to plants. Claims have been 
made, however, that the zine content of 
sludge is sometimes high enough to 
cause trouble. 


Sanitary Status of Sludge 


Activated sludge must be _heat- 
treated before it is sold as fertilizer. 
Digested sludges should be heat-treated 
or incorporated with soil for several 
months before application on 
vegetables. 

Where digestion is provided, as is 
true at many primary treatment plants, 
there is the opportunity to utilize some 
of the gas for heat-treatment of the 
sludge. In many activated sludge 
plants where the sludge is dewatered 
by vacuum filtration prior to heat-dry- 
ing, no digestion is provided ; therefore, 
fuel is an added However, the 
nitrogen content of digested sludge is 
appreciably lower. 


home 


cost. 


Economic Problems 


Statistics show a continued increase 
in the use of activated sludge for direct 
application to land. It is difficult to 
predict how much farther the increase 
can go without material reduction in 
price. The nitrogen contained in such 


SEWAGE AND INDUSTRIAL WASTES 


June 1959 


materials sells much higher than the 
price of chemical nitrogen. 

Digested sludges will no doubt con- 
tinue to be used locally when the price 
delivered to the premises is low enough. 
The quality of the material is often 
about equal to that of farm manure, 
which is very cheap at the point of pro- 
duction, but expensive when delivered 
to town gardeners. 

Economie problems can be expected 
to develop as wider fertilizer use is ac- 
complished. It is important that re- 
sponsible parties of municipalities, as 
well as agricultural users, be better in- 
formed as to what may be expected 
from sludge applied to soil. The re- 
sponses will no doubt vary with type 
of soil, kind of plants grown, and cli- 
matie conditions. 
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THE EFFECT OF SEWAGE TREATMENT ON VIRUSES 


By AND WALLACE W. SANDERSON 


Division of Laboratories and Research, New York State Department of Health, Albany, N. Y. 


Increasing population density will in- 
tensify the treatment problems associ- 
ated with sewage. While present sew- 
age treatment practices, based largely 
on empirical standards, are apparently 
sufficient to make recognized outbreaks 
of water-borne disease a rarity in the 
United States, future demands on water 
supplies and uses of sewage may re- 
quire a more flexible role for sewage 
treatment products. From a sanitary 
standpoint, the use of effluents and 
sludge should be preceded by the as- 
surance that they are not harmful. 
The disinfecting action of chlorine on 
bacteria in sewage has received atten- 
tion from many and has resulted in a 
general feeling that effluents in contact 
with 0.5 ppm combined residual chlo- 
rine for 15 min are free of pathogenic 
bacteria and protozoans (1). Enda- 
mebie cysts, however, are known to re- 
quire more intensive treatment than 
coliform bacteria (2). Knowledge of 
the destruction of viruses by sewage 
treatment is limited to laboratory ob- 
servations and to a very few plant 
studies. The work described here was 
undertaken to determine the types of 
sewage treatment that destroy viruses 
under operating conditions. 

The many isolations of viruses from 
sewage since bacteriophage (3) and 
poliovirus (4) were recognized as en- 
teric agents were made chiefly for 
identification purposes or were associ- 
ated with outbreaks of disease or were 
done for locating the source of infec- 
tion. The question of destruction of 
virus by sewage treatment so far has 
stimulated little effort. Gear noted 
early (5) that poliovirus was still pres- 
ent after settling in both the effluent 


and sludge, that humus tank effluent 
contained virus, but that final sand 
filtration and digestion of sludge de- 
stroyed it. Mack et al. (6) find that ae- 
tivated sludge treatment removes vi- 
ruses but not completely, and there 
have been indications (7) that neither 
primary nor secondary treatment de- 
stroys them. 


Materials and Methods 
Source of Materials 


The types of sewage treatment 
studied included primary sedimenta- 
tion in both Imhoff tanks and mechani- 
eally cleaned sedimentation tanks, sec- 
ondary treatment by trickling filters 
and by activated sludge, final clarifica- 
tion with chlorination, and sludge di- 
gestion. Samples of effluent from Im- 
hoff tanks were obtained from the 
Albany sewage treatment plant, with a 
design flow of 30 mgd and serving a 
population of 130,000; the Delmar 
plant, with a design flow of 1.6 mgd 
and serving 12,000 persons; and the 
Schenectady treatment plant, designed 
for 20 mgd and serving 100,000 people. 
Samples of sewage from mechanically 
cleaned primary sedimentation tanks 
were taken from the Colonie-Schenec- 
tady Road secondary treatment plant, 
designed for 0.4 mgd and serving 3,000 
persons; and the Scotia primary treat- 
ment plant, with a design flow of 1.2 
mgd and serving a population of 7,800. 
Samples of effluent from trickling filters 
and of final chlorinated effluents were 
obtained from the Rotterdam plant, 
with a design flow of 0.6 mgd and 
serving 5,000 persons, and from the 
Colonie-Schenectady Road plant. Im- 
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hoff tank sludge came from the Albany 
plant, digested sludge from Colonie, 
and aerated sludge samples from the 
Newark, New York, plant, with a design 
flow of 1.5 mgd and serving a popula- 
tion of 10,000. Raw sewage was sam- 
pled at the same time as the treated 
sewage. 


Analytical Procedures 


Samples consisted of pressings from 
cheesecloth swabs which were suspended 
in flowing sewage for 48 hr. The 
volume of swab expressions (approxi- 
mately 100 ml) was reduced to 10 ml 
by adsorbing on 5 g of Dowex-l resin, 
200 to 400 mesh, 10-per cent cross link- 
age, to which bovine albumin had been 
added to give a concentration of 0.5 
per cent, and eluting twice with 5-ml 
portions of beef extract broth. Anti- 
bioties as follows: penicillin, 500 units; 
streptomycin, 244 mg; and nystatin, 
50 units per ml; were added along 
with 20-per cent by volume of diethyl 
ether and the eluates were stored in a 
dry ice chest. 

Two criteria were indicative of virus 
destruction by sewage treatment: (a) 


100 


SAMPLES CONTAINING VIRUS (per cent) 


JFMAMJ J 
MONTH 
FIGURE 1.—Typical pattern of virus re- 


covery from sewage for a consecutive 12- 
month period. 
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the decreased frequency of virus isola- 
tions of treated sewage compared with 
that of raw sewage collected at the 
same time, and (b) a smaller number 
of infectious particles in the treated 
sewage. 

Frequency of isolation was measured 
as the per cent of samples from which 
viruses were isolated. Isolations were 
made in the following hosts: newborn 
mice (8), test tube cultures of explants 
of monkey kidney epithelium (9), and 
human amnion tissue (10), and of a 
continuous line of HeLa cells (11), and 
bottle cultures of monkey kidney epi- 
thelium tissue (12), over which agar 
was laid. Approximately 0.5 ml of 
swab concentrate was used for each 
method. Newborn mice were observed 
daily for two weeks for signs of dis- 
ease ; sick mice (paralyzed and spastic) 
were killed and their tissues saved for 
confirmatory passage and pathologic 
and serologic identification of virus. 
Tube and bottle tissue cultures were 
examined daily. Fluids from tube 
cultures in which the cells appeared 
abnormal were saved for passage and 
identification of strains. Plaques which 
formed in the bottle cultures were 
lifted from the surrounding agar and 
saved for passage and identification of 
isolates. Fluids were stored at —20°C 
or at —40°C (dry ice chest). 

The number of infectious particles in 
sewage was measured by counting the 
plaques which formed in monkey kidney 
bottle cultures inoculated with 0.5 ml 
of swab concentrate during an observa- 
tion period of from 7 to 10 days. Tis- 
sue cultures were kept at 33° to 35°C. 


Results 


Over a three-year period it was noted 
that the rate at which viruses were 
isolated from raw sewage depended on 
the season (7). In summer months ap- 
proximately 80 per cent of raw sewage 
samples contained viruses (Figure 1), 
in June and November, about 50 per 
cent, and from January through May, 
less than 10 per cent. The sewage 
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TABLE U.—lIsolation of Viruses from 
Primary Treatment Effluents 


INDUSTRIAL WASTES 


Number of Samples 
Containing Viruses 


Effluent 


Sewage 
Treatment 
Plant 
Raw | | ‘ 
| Raw Imhoff | 
Tank | Settling Tank 
Albany 37 | 34 
Delmar 6 7 
Schenectady s| 9 
Colonie-Schenec- 
tady Road 9 7 
Scotia | 9 - 7 


samples for this study were collected 
from June through December 1957. 


Raw Waste 


Table I lists the types of treatment, 
dates, and kinds of viruses isolated 
during the 1957 sampling period. In 
this experience, 90 per cent of the total 
raw sewage samples collected contained 
virus. There were no major differ- 
ences in the frequency of total isola- 
tions from raw sewage from one plant 
to another, although the types of vi- 
ruses differed. The types of viruses 
encountered changed as the sampling 
period progressed. Coxsackie Group 
B viruses and ECHO virus, type 12, 
were the most common isolates through 
June and July. In August and Sep- 
tember, polioviruses, Coxsackie Group 
A viruses, and other types of ECHO 
viruses were isolated also. From Oc 
tober on, the Coxsackie viruses, Group 
B, were found only as often as were 
other kinds of viruses. 


Primary Treatment 


Primary sedimentation did not lessen 
the frequency with which viruses were 
isolated (Table II). The kinds of vi- 
ruses found following primary treat- 
ment were usually similar to those in 
the raw sewage. Plaque counts of 
settled sewage effluent, however, indi- 
cated that a reduction in the total num- 
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ber of infectious particles occurred 
(Table III), probably from removal of 
virus in the settleable solids. Viruses 
were isolated also from the Hudson 
River, at distances as great as 400 ft 
from the outfall of the Albany sewage 
treatment plant. 

The total number of influent and 
effluent samples from each treatment 
plant was equal. Therefore the number 
of isolations can be compared directly 
to show that no decrease by treatment 
oceurred (Tables IT, IIT, and TV). 


Secondary Treatment and Chlorination 


Treatment on trickling filters did not 
remove viruses completely, since sam- 
ples of sewage which had passed through 
the filters contained viruses as often as 
did raw sewage. Plaque counts, how- 
ever, were reduced by 40 per cent 
(Table IIL), indicating that the proc- 
involved have destructive 
effect and do reduce the density. Vi- 
ruses were not found in the one sample 
taken of scrapings from the growths on 
filter stones. 

Effluents from secondary treatment 
plants that had been chlorinated for 
disinfection contained viruses about a 
third of the time. Residual chlorine 
values reported for these samples were 
near the recommended value of 0.5 ppm 
(Table IV). The chlorination prac- 
ticed, however, had some destructive 
action on viruses, as plaque counts of 


esses some 


TABLE III.—Isolation of Viruses as 
Plaque-Forming Units (PFU) 


Plaque-Forming Units 
1957 (Aggregate) 


Effluent 


Plant 


Raw | Primary 
Theat: | Final 
ment ilter Plant 
Albany 25 22 
Schenectady 7 I 
Colonie-Schenec- 
tady Road 38 - 22 7 
Rotterdam 8 0 0 
Scotia | 
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TABLE IV.——Virus Isolations from Secondary Treatment Plant Effluents 


Virus* 
July 31-Aug. 2 
Aug. 19-22 B 
Sept. 16-18 | Eu 
Oct. 15-17 
Nov. 4- 12 | OE 
Nov. 27-29 + 
Aug. 6-8 
| Sept. 4-6 By 


* Key to virus designations us follows: 


A—Coxsackie Group A. 


Plaque-Forming Units 
Reported Residual 
Chlorine (ppm) 


Influent Effluent 


20 0.5 
: 0.40-0.75 
0.30-0.75 
None reported 
0.15-0.35 


0.3-0.75 
0.0-0.75 


B—Coxsackie Group B; subscript number indicates type within Group B. 
E—ECHO); subscript number indicates type within ECHO group. 
P—polio; subscript number indicates type within polio group. 


chlorinated effluents were lowered. Raw 
sewage which had been chlorinated to 
reduce nuisance in plants, involving 
concentrations of 0.1 to 0.3 ppm resid- 
ual chlorine, contained viruses as often 
as nonchlorinated raw sewage. 


Sludge 


A few samples of aeration tank ef- 
fluent were found to be free of viruses 
(Table V). The return sludge col- 
lected in a series from which the data 
are not included in Table V contained 
virus on one occasion, suggesting that 
while viruses were removed by the 
process, they were not necessarily de- 
stroyed. In a laboratory demonstra- 
tion at least 99 per cent of virus added 
to activated sludge was removed and 
not recovered in the sludge. 

Two samples of Imhoff tank sludge 
and two of sludge digested thirty days 
did not contain viruses. Others have 
tried to isolate polioviruses from di- 
gested sludge and failed, although they 
have been found in raw sludge (5) 


Discussion 


It is clear that several of the present 
methods of sewage treatment do not 
destroy the enteroviruses. In primary 
treatment the failure to disinfect sew- 
age may be alleviated by dilution and 
biological oxidation in the receiving 


stream. In this report it was shown 
that viruses were found at least 400 ft 
below the outfall of a primary treat- 
ment plant. Bacterial pathogens, tu- 
bercle bacilli for example, are also 
known to survive primary treatment 
(18). 

Secondary treatment by trickling 
filters without chlorination is shown to 
be inadequate for virus destruction. 
Acid-fast bacilli also survived such 
treatment (13). Laboratory studies, 
on the other hand, indicated a redue- 
tion in Salmonellae of up to 99.9 per 
cent (14). If secondary treatment in- 
cludes chlorination, it may destroy vi- 
ruses. Laboratory studies of the effect 


TABLE V.— Isolation of Viruses from Activated 
Plant 


Isolations 


Virus* 
Mice 
| (per cent) 


| Counts 


Raw 

Primary effluent 

Aerator effluent 

Final effluent 

Tank sludge 
return 


A,P, 5S 
B;,A,P, & 
None 
None 


| 
| 


None 


* Key to virus designations as follows: 
A-—Coxsackie Group A. 
B;—Coxsackie Group B, type 5 
P,— polio type 1 


687 
| 
Plant 
| 0 0 
a | 8 0 
| 
Sample 
de 
ate 


of combined residual chlorine on vi- 
ruses indicate that, depending on hy- 
drogen ion concentration and tempera- 
ture, residual chlorine values of 9.0 
ppm or gree’er with 15 min contact, or 
contact periods of 4 hr with combined 
chlorine values of 0.5 ppm, are neces 
for inactivation (15). Plant 
studies of the survival of bacterial 
pathogens following chlorination have 
been summarized recently (13) and in 
dicate that ordinary chlorination does 
not destroy tubercle bacilli. Salmo- 
nellae have also been isolated from sew 
age following secondary treatment (7). 

Recent work (6) showed survival of 
viruses in 4 of 41 sewage samples fol- 
lowing treatment by activated sludge. 
Bacterial pathogens, Salmonellae, from 
activated sludge, and acid-fast bacteria 
from settled and digested sludge were 
reported (16). 

The potential reservoir of virus dis 
ease is great in raw sewage, poor water 
supplies, and inadequately treated sew- 
The standard for disinfection of 
sewage should be raised, if its intent is 
destruction of viral as well as bacterial 
pathogens. 

Continuous evaluation of the stand- 


sary 


age, 


ards for disinfection of sewage may be 


necessary. Many kinds of viruses have 
now been isolated from sewage. Each 
strain has its individual characteristics 
of resistance, virulence, and stability. 
An adequate standard for disinfection 
should take into account the expected 
range of variation in these properties. 


Summary 


‘rom 140 samples of raw and treated 
sewage collected in the summer and 
fall of 1957, over 166 strains of viruses 
were isolated. A study of the fre- 
quency of isolation and concentration 
of infectious particles in the samples 
indicates that existing types of sewage 
treatment may not destroy viruses. 

Primary treatment and secondary 
treatment by trickling filters did not 
reduce the frequeney of virus isola 
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tions and reduced the concentration of 
infectious particles only slightly. Chlo- 
rination for disinfection, often but not 
always, reduced the frequency of isola- 
tion and the concentration of particles. 
Viruses were found in a receiving 
stream 400 ft below the outfall of 
a primary treatment plant. Effluent 
from an activated sludge treatment 
plant did not contain viruses, nor were 
they found in Imhoff tank or digested 
sludge. 
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MILL CREEK PLANT DEDICATION 


On June 18 the Metropolitan Sewage Disposal System, composed of 
the City of Cincinnati and 26 participating political subdivisions, will 


dedicate the Mill Creek Sewage Works. The Mill Creek plant is a $26 
million project and is a part of the $59 million program for pollution 
abatement, according to A. D. Caster, Principal Sewage Disposal Engi- 
neer of Cincinnati. 

Among the highlights of the 2:15 pm program will be the welcoming 
address by Cincinnati Mayor Donald Claney followed by guided tours 
and films of the plant facilities. 

Preceding the ceremonies, the Cincinnati Chamber of Commerce will 
hold a luncheon at 12:15 pm at the Netherland Hilton Hotel. 

The Ohio Sewage and Industrial Wastes Treatment Conference will 
participate in the dedication while meeting at the same hotel June 17-19. 
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II. 


The failure of activated sludge to 
completely degrade commercial alkyl 
benzene sulfonates (ABS) has led to 
problems in sewage effluents. 
Previous laboratory studies (1) (2) 
have shown that the basic problem lies 
in the structure of ABS. The presence 
of a quaternary carbon in the hydro- 
carbon side chain is believed to be the 
cause of incomplete metabolism. In 
view of the fact that ABS cannot be 
completely degraded, it is important to 


some 


obtain the maximum degree of bio- 
logical metabolism in order that the 


free ABS remaining in the effluent is 
minimum. 

At the present time the active ABS 
content in domestic sewage varies from 
1 to 10 mg/l. It appears that the ac- 
tive ABS content in sewage reaching 
the aeration tank will not rise much 
above 10 mg/I, except in unusual cases, 
for the next few years. In view of this 
prediction a study was started to de- 
termine to what extent ABS could be 
metabolized by activated sludge when 
added at 10 mg/l concentration along 
with other organic nutrients. 


Conventional Activated Sludge 


In order to determine to what extent 
ABS was metabolized by conventional 
activated sludge, five laboratory ac- 
tivated sludge units were set up for 
Hach of these units was 1.5 
liters in capacity and was operated on 


tests. 


* Presented at the 3lst Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 

t Present address: Robert A. Taft Sanitary 
Engineering Center, Cincinnati, Ohio. 
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a 24-hr fill-and-draw cycle. The mixed 
liquor was settled for one hour after 
which one liter of supernatant liquor 
was poured off and replaced with one 
liter of synthetic sewage. The units 
were aerated for 23 hr and the pro- 
cedure repeated. 

The synthetic sewage consisted of 
300 mg/l glucose, 300 mg/l nutrient 
broth, 300 mg/l sodium benzoate, and 
300 mg/l dibasie potassium phosphate. 
The units were started from 500 ml 
Boston, Massachusetts, sewage. After 
operation without any 
sludge wasting, a regular sludge wast- 
ing program was started. In one unit 
600 ml of mixed liquor was wasted 
daily. The other units had 400, 200, 
100, and 25 ml mixed liquor wasted 
daily. The units were then allowed to 
operate for two additional weeks to 
bring about equilibrium of mixed liq- 
uor suspended solids. Only the 25-ml 
sludge waste system was not in equi- 
librium at this time. Daily feedings of 
10 mg/l ABS were started in all units. 

Daily analyses were made of mixed 
liquor suspended solids to determine 
the quantity of solids wasted daily. 
Spectrophotometric analyses of ABS 
by the 1-methyl heptylamine method of 
Fairing and Short (3) were made at 
irregular intervals over a 46-day pe- 
riod. The average daily ABS balances 
in the various units are shown in Table 
I. The daily balances are in total 
quantity figures, rather 
than in figures, milli- 


one week’s 


milligrams, 
concentration 
grams per liter. 

The total 


weight of 


mixed liquor 
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TABLE I.—Average Daily ABS Balance in Activated Sludge Units with Varying Solids Wasted 


| | 

Total Total 

Soluble | Adsorbed 
ABS ABS i 


Waste 
Mixed | Tetal 


Liquor (mg) 


(mg) 


ABS Wasted 


ABS 
Metabolized 
per Unit 
Sludge 


ABS | Sludge 


ro- 


duced 


| Remaining 
Unoxidized Metabo- 


| ABS (mg) lized 


(ml) ABS 


(mg) 


(mg) (mg) 


Effluent | Sludge Total 


Produced 
(mg/mg) 


| (mg) (mg) 


25 | 6,900 | 
100 | 2,820 
200 | 2,220 
400 | 1,380 | 
600 | 970 | 


45 
6.2) 

5.1 
45 
4.0, 


suspended solids was determined by 
the membrane filter method (4). The 
25-ml waste showed a definite in- 
crease in mixed liquor suspended solids 
throughout most of this study while 
the other units maintained relatively 
constant suspended solids in the aera- 
tion tanks. The total soluble ABS was 
determined from the membrane filtrate 
from the suspended solids determina- 
tion. The adsorbed ABS was deter- 
mined from the curve shown in Figure 
1, which was obtained from a study of 
the adsorption of ABS on this syn- 
thetic sewage activated sludge. The 
sum of the soluble ABS and the ad- 
serbed ABS gave the total unoxidized 
ABS in the system. 

The effluent from each unit consisted 
of the solids wasted and settled super- 
natant liquor and totalled 1.0 liter. 
The quantities of ABS in mg in these 


0.1 
0.1 
0.2 | 
02 | 26 | 
0.2 


46| 66 


3.1 
33 
1.9 


1.6 


5.4 
6.9 
7.2 
7.4 


7.6 


115 
188 
295 
368 
387 


0.047 
0.036 
0.024 
0.020 
0.020 


| 2.4 


two phases are shown in the columns 
labeled ‘‘ Effluent’’ and ‘‘Sludge.’’ It 
ean be seen that very little ABS was 
lost with the solids but that most of the 
ABS was in the effluent. It is indi- 
cated that the operation of the systems 
definitely affected the ABS in solution. 
With a low wasting of solids there were 
4.5 mg ABS in solution while with the 
maximum wasting of solids there were 
only 2.2 mg of ABS in solution. As 
shown in Table I, subtraction of the 
‘“ABS Wasted’’ from the ‘‘Total Un- 
oxidized ABS’’ yielded the ‘‘Remain- 
ing Unoxidized ABS.’’ Since the sys- 
tems were in equilibrium with regard 
to ABS reduction the difference be- 
tween the 10 mg ABS in the feed and 
the ABS wasted yielded the ABS 
metabolized. 

The percentage ABS oxidation ranged 
from 54 to 76 per cent. Since the ABS 


% ABS ADSORBED=0.97(SS i 


% ABS ADSORBED 


500 
PPM SUSPENDED SOLIOS IN MIXED LIQUOR 
FIGURE 1.—Adsorption of ABS by synthetic sewage activated sludge. 
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determination measures primarily un- 
degraded material, this means that the 
ABS wasted represents unmetabolized 
ABS in its original form. It has been 
found that if the side chain is oxidized 
even slightly, the ABS test does not 
pick it up. Thus, the results do not 
indicate whether the ABS metabolized 
was completely metabolized or just 
partially metabolized. 

The removal of ABS was a function 
of sludge activity although a small 
amount of the ABS was lost by adsorp- 
tion to the activated sludge. The rapid 
rate of growth appeared to stimulate 
the microbial activity. 


Complete Mixing 


Although it appeared that ABS re- 
moval was a function of sludge activity, 
the complete mixing activated sludge 
plant at Dale Brook Bleachery (5), 
formerly Ho-Ho-Kus Bleachery, had 
that with high mixed liquor 
suspended solids and a low organic 
concentration, frothing due to syndets 
used in the bleaching and dyeing proc- 
esses was very low. The basic differ- 
ence between the complete-mixing ac- 
tivated sludge system and the conven- 
tional activated sludge process was that 
in the former the influent was thor- 
oughly mixed with the entire contents 
of the aeration tank. The complete- 
mixing process permitted maintenance 


shown 


FIGURE 2.—Schematic diagram of laboratory model of activated sludge 
unit used in test work. 


of the lowest possible organic concen- 
tration in the aeration tank. In the 
conventional activated sludge system 
the organic concentration is a maxti- 
mum immediately after the introduc- 
tion of organic matter and a minimum 
at the end of the aeration period. This 
variation in organic concentration re- 
sults in a feed-starve cycle which pre- 
vents development of the optimum 
biological population. The complete- 
mixing unit is designed to permit a 
constant organic concentration at all 
times to allow development of the op- 
timum biological population. 

The laboratory equipment was com- 
posed of 1.5-liter units which were 
divided into two sections, a 1.25-liter 
aeration section, and a 0.25-liter sedi- 
mentation section. The organic wastes 
were introduced continuously into the 
aeration section where diffused aera- 
tion completely mixed the organic 
wastes with the aerator contents. The 
addition of wastes to the aeration sec- 
tion caused displacement of mixed liq- 
uor from the aeration section to the 
sedimentation section where the sludge 
floc settled out. The settled superna- 
tant liquor was displaced from the unit 
at the top of the tank. The laboratory 
unit is shown in the schematic drawing 
in Figure 2. 

Two units were set up, one on syn- 
thetic sewage and one on domestie sew- 
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age from Boston. The synthetic sewage 
strength was reduced to equal that of 
the city sewage to show that the nature 
of the organics has no effect on the 
metabolic reactions. Settled Boston 
sewage averaged approximately 125 
mg/l 5-day BOD. The synthetic sew- 
age had the following formulation : 


200 nutrient broth 
500 mg/l sodium bicarbonate 


50 mg/l potassium phosphate, dibasic 


10 mg/l ammonium sulfate 


The average 5-day BOD of the syn- 
thetic sewage was 127 mg/1. 

The complete-mixing units were in- 
itially started by building up a small 
quantity of activated sludge on a batch 
feed basis for two days. The synthetic 
sewage unit was given a small quantity 
of activated sludge to permit good 
flocculation since its substrate was com- 
pletely soluble. The domestic sewage 
unit floceulated easily from the be- 
ginning due to the agitation of the col- 
loids. When the continuous feed op- 
erations were started, the mixed liquor 
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suspended solids concentrations were 
580 mg/] for the synthetic sewage unit 
and 50 mg/l for the domestic sewage 
unit. Both units were fed at the rate 
of 4.0 1/day. This gave a total reten- 
tion period of 9 hr in the entire unit or 
7.5-hr aeration and 1.5-hr sedimenta- 
tion. 


Operation 


The laboratory units were operated 
for 34 days without any additional 
ABS being added to the substrates. 
On the 35th day, 2 mg/l ABS were 
placed in the feeds. The ABS con- 
centration was increased to 4 mg/l on 
the 47th day, to 6 mg/l on the 58th 
day, to 8 mg/1 on the 72nd day, and to 
10 mg/l on the 83rd day. The initial 
run was terminated on the 106th day 
of operation. 


Synthetic Sewage 

The synthetic sewage unit showed a 
mixed liquor suspended solids concen- 
tration between 1,000 and 2,000 mg/1. 
The variation in suspended solids is 


| Effluent 


Per Cent ABS Reduction 


DAY 


FIGURE 3.—Operating results from complete mixing system using synthetic 
sewage and receiving varying concentrations of ABS with total retention of nine 


hours. 
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FIGURE 4.—Operating results from complete mixing system using domestic 
sewage and receiving varying concentrations of ABS with total retention of nine 


hours. 


shown in Figure 3. The 5-day BOD 
of the influent and the effluent showed 
that this unit was operating satisfac- 
torily. The ABS added to the influent, 
the actual measured influent ABS, and 
the ABS in the effluent are also plotted. 
The reduction of ABS ranged from 15 
to 80 per cent. At 10 mg/l ABS the 
synthetic sewage unit indicated slightly 
over 60 per cent ABS reduction. 


Domestic Sewage 


The domestic sewage unit results are 
shown in Figure 4. The mixed liquor 
suspended solids again ranged from 
1,000 to 2,000 mg/l. The 5-day BOD 
varied widely in the influent while the 
effluent BOD was relatively constant. 
The sewage contained some ABS so that 
the measured influent ABS concentra- 
tion was greater than in the synthetic 
sewage unit. The degree of ABS re 
duction remained at a relatively con- 
stant 60 per cent throughout the 
106-day period except for an upset be 
tween the 55th and 75th days, corre 
When 


closer attention to operation was re- 


sponding with a vacation period. 


sumed after this period, the unit 
quickly recovered from the upset. 

The data on the synthetic sewage and 
the domestie sewage showed that there 
was no significant difference between 
the two substrates. The tests in both 
units indicated approximately 60 per 
cent ABS reduction. The total amount 
of ABS removed per day was 24 mg. 
The only sludge wasting which oe- 
curred was the periodie removal of 25 
ml of mixed liquor for analyses. 

The synthetic sewage unit was dis- 
continued but the domestic sewage unit 
was continued in operation. The rate 
of feeding was increased from 4.0 to 
6.0 liters per day to build up the mixed 
liquor suspended solids concentration. 
Analyses were made between the 147th 
and 188rd days and are shown in Fig- 
ure 5. The mixed liquor suspended 
solids ranged from 3,000 to 6,000 mg /1. 
The influent BOD averaged 110 mg/] 
between the 150th and 170th day and 
then jumped to 150 mg/l. The sus- 
pended solids in the aerator followed 
the rising pattern of BOD loading as 
did the rate of ABS removal. When 
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the suspended solids in the aerator 
were about 3,000 mg/I the rate of ABS 
reduction was a little over 60 per cent 
but increased to 80 per cent when the 
suspended solids rose to 6,000 mg/I. 


Discussion 


The failure of microorganisms to 
completely degrade commercial ABS 
poses a problem with the undergraded 
fraction. When agitated violently, the 
undergraded ABS froths, which is its 
major effect on activated sludge sys- 
tems. Even though ABS is not amen- 
able to complete biological degradation, 
it is important to obtain the maximum 
possible degree of ABS degradation in 
order to minimize frothing. With con- 
ventional activated sludge, the degree 
of ABS removal appears to be related 
to the rate of synthesis of sludge, and 
as a result to the quantity of sludge 
wasted. This would indicate that the 
high-rate or modified activated sludge 
systems would yield the best ABS re- 
movals. 


The complete-mixing activated sludge 
system depends on endogenous metab- 
olism for organie waste stabilization. 


9000 


SYNDET RESEARCH. II. 


(mg /1) 


Mixed Liquor Suspended Solids 


Influent 


(mg /1) 


695 


The rate of sludge synthesis is very low 
but the ABS reduction is relatively 
high. The fact that a high degree of 
sludge synthesis in conventional acti- 
vated sludge and a low degree of sludge 
synthesis in complete mixing activated 
sludge both yield good ABS reductions 
seems contradictory but there is an 
explanation for these differences. Both 
systems are designed to keep the bac- 
terial population at its maximum ac- 
tivity. With a high-rate activated 
sludge system the bacterial activity is 
stimulated by a high food to micro- 
organism ratio and results in a rapid 
synthesis of new cells. In the complete 
mixing system the bacterial activity is 
maintained at a constant level by the 
low food to microorganism ratio. The 
large number of microorganisms carry 
on very little metabolism by themselves 
but together are responsible for an ex- 
cellent reduction of organic matter. 
Thus, in one system, removal of ABS 
is accomplished by a small number of 
microorganisms growing rapidly and in 
the other system by a large number of 
microorganisms on the verge of starva- 
tion. 
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FIGURE 5.—Operating results from complete-mixing system using domestic 
sewage and receiving 10 mg/l ABS daily with total retention of six hours. 
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While a high-rate wasting system is 
able to reduce the ABS concentration to 
a minimum, the remaining ABS con- 
centration may still be sufficient to 
frothing. In many activated 
sludge systems, reduction of solids has 
resulted in extreme frothing. On the 
other hand, the high-rate activated 
sludge systems which accomplish only 
60 to 70 per cent BOD reduction may 
not have a frothing problem if the 
ABS remains tied up with the com- 
plex, undergraded BOD. Unfortu- 
nately, it is not possible to predict at 
this time the exact effect of high-rate 
wasting of excess sludge on the ABS 
problem since each sewage and each 
treatment plant has its own special 
characteristics. Each plant will have 
to be evaluated on its own merits. 

In order to determine if the com- 
plete-mixing activated sludge system 
has definite potentialities in the con- 
trol of froth in activated sludge sys- 
tems, a full-scale study is planned on 
the conversion of an existing activated 
sludge system having a frothing prob- 
lem to a complete-mixing system. 


cause 


Conclusions 


The following conclusions can be 
drawn from this study: 


1. Conventional activated sludge sys- 
tems should give up to 75 per cent re- 
duction in commercial ABS. 

2. The reduction of ABS appears to 
be related to the rate of sludge syn- 
thesis in conventional activated sludge. 
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3. Complete-mixing activated sludge 
systems should give up to 80 per cent 
ABS reduction. 

4. The reduction of ABS appears to 
be a function of the sludge mass in 
complete-mixing activated sludge. 

5. The methylene blue test for ABS 
does not give a quantitative measure of 
partially metabolized ABS and can be 
used only to determine the unmetabo- 
lized portion of ABS. 
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DEVELOPMENT OF THE ANAEROBIC CONTACT 
PROCESS * 


II. ANCILLARY INVESTIGATIONS AND SPECIAL EXPERIMENTS 
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This is the second of a two-part paper summarizing the results of three years of re- 


164 (Feb. 1959). 


search on the application of the anaerobic contact process in the treatment of various 

types of industrial wastes and municipal sewage. 

investigations and an economic analysis and was published in THis JouRNAL, 31, 2, 
Part II reports on ancillary investigations and special experiments, 


Part I included data from pilot-plant | 


summarizes the study, and offers the conclusions. 
This investigation was supported by Research Grant No, 4419, from the National 
Institutes of Health of the Public Health Service. 


Special Investigations and Experiments 


During the research program a num- 
ber of experiments were carried out on 
active sludges taken from the pilot 
plants. These investigations were for 
the most part planned to study the 
basic actions involved in the contact 
and separation portions of the anaero- 
bic contact process and to evaluate the 
physical, chemical, and biological char- 
acteristics of anaerobic sludge. 


Adsorption and Stabilization 
Characteristics 


The complexity of the interrelated 
physical, chemical, and biological reac- 
tions occurring when a typical hetero- 
geneous mixture of organic matter in 
wastewater is acted on by a mixed cul- 
ture of anaerobic sludge, makes the 
resolution into a few basic actions ap- 
pear quite difficult. Although the met- 
7 *Presented at the 3lst Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 


abolic processes of the individual or- 
ganisms are complex, the end products 
of the anaerobic fermentation process 
are quite constant. The products of 
the completed reaction are for the most 
part carbon dioxide, methane, and in 
some cases hydrogen, plus an inert 
humus-like material. In wastewater 
treatment it is the degree of stabiliza- 
tion which is of importance and not the 
way the result was achieved. 


Basic Actions 


When a waste containing both sus- 
pended and dissolved organic materials 
is mixed with an active anaerobic sludge 
culture, there is initiated a chain of 
physical and biochemical reactions 
which remove and progressively stabi- 
lize the organic matter contained in the 
waste stream. It is this over-all chain 
of reactions which results in a reduction 
in the organie content of the waste. 
Experimentally on a batch basis this 
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chain of reactions was found to take 
place in two distinct stages which, 
however, may take place concurrently. 
The process can be divided into two 
general reactions: (a) adsorption or 
transfer of organic matter from the 
waste to the separable solid sludge par- 
ticles, and (b) the subsequent stabiliza- 
tion of this organic material into prod- 
ucts. Experimentally the rate of 
transfer of organic matter onto par- 
ticles of anaerobic sludge has been 
found to be quite rapid when compared 
to the rate of stabilization. 


Mechanism 


There appears to be some disagree- 
ment in the literature with regard to 
the actual mechanism of the transfer 
of organic matter from a waste sub- 
strate to biological floe particles and 
its subsequent stabilization. However, 
there seems to be agreement that en- 
zymes are intimately involved. The ki- 
netics of enzyme reactions can often be 
interpreted by an activated complex 
theory such as that proposed by Mi- 
chaelis and Menten (1). Considering 
the extreme heterogeneity of the reac- 
tions, it is quite certain that the average 
over-all kinetics can be established only 
on an approximate basis. The follow- 
ing discussion presents a hypothesis on 
the kinetics of the reactions occurring in 
the anaerobie process of stabilization 
based on the Michaelis-Menten theory. 

The basic hypothesis of the theory 
on the kineties of enzyme reactions can 
be stated as follows: 


C4 


ke 
and 
ks 
CE* > P+ E. 
where 


C = concentration of substrate, 
E = concentration of enzyme, 
CE* = intermediate activated en- 
zyme organic complex, 


k, and k. = forward and backward 
} rate constants, 
P = concentration of products 
formed, and 
ks = reaction rate constant. 


These reactions can be likened to the 
two-stage adsorption and stabilization 
of organic matter by anaerobic sludge. 
The so-called adsorption reaction can 
be compared to the formation of an acti- 
vated enzyme complex as in Equation 
1 and the stabilization reaction by 
Nquation 2. Considering only the first 
step of the reaction, the rate of disap- 
pearance of organic molecules as the 
reaction proceeds toward equilibrium 
can be stated: 


— — =k,CE — k.CE*....(3) 


[t was shown in experiments which will 
be described later that the activated 
complex in the case of anaerobic sludge 
is apparently quite stable and the back- 
ward rate of reaction is negligible. 
Thus if EF is defined as the number of 
enzyme sites still to be occupied at any 
instant, @.e., the number of sites re- 
maining to be occupied before equili- 
brium is reached, then the reaction will 
proceed toward equilibrium at a rate 
which is dependent only on the concen- 
tration of organic molecules (C) and 
the concentration of available sites (£). 
On this basis the rate of disappearance 
of organic molecules as the reaction is 
tending toward equilibrium can be 
simplified as follows: 
dC 
However, if the disappearance of one 
organic molecule from the substrate 
results in the removal of one available 
enzyme site, the following relationships 
can be stated : 


E,=C, — C, 
E,=C,-—C (5b) 
E= E,— E,. (5c) 
E=C-—C, (5d) 
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where 


FE, = enzyme sites remaining to be 
occupied at time zero, 

E, = enzyme sites which have been 
occupied to time ¢, 

EF = enzyme sites remaining to be 
occupied at any time ¢, 

C, = concentration of organic mole- 
cules at time zero, 

C, = concentration of organic mole- 
cules at equilibrium, and 

C = concentration of organic mole- 
cules at any time ¢. 


Substituting in Equation 4: 


IC 


dt 
= k,C? — k,C.C.... (6) 


Integrating, evaluating the constant of 
integration, and simplifying: 

C. Cc-—C, 
This has the form of a seeond order rate 
reaction and has been developed to de- 
scribe the adsorption rate as the reac- 
tion proceeds toward equilibrium. 

The second stage or stabilization 
portion of the reaction is described by 
Equation 2. This reaction undoubtedly 
proceeds along with the adsorption re- 
action as it proceeds toward equilib- 
rium. However, an analysis of the 
stabilization reaction can be made as- 
suming that the initial adsorption re- 
action has achieved equilibrium. At 
this point it is assumed that the con- 
centration of the activated complex 
(CE *) remains fairly constant. The 
logical basis of this assumption is that 
the concentration of the catalytic en- 
zyme in the system at least for short 
periods of time remains constant since 
it is not used up by the reaction. Also, 
the rate of adsorption is quite rapid 
and as an enzyme site is released by 
the stabilization reaction it is occupied 
by another organic molecule quite 
rapidly in order to maintain the equilib- 
rium adsorption conditions. On this 
basis the rate of disappearance of 
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organic molecules by stabilization ean 
he described : 


dU 

k3CE (8) 

but at adsorption equilibrium, CE* 
= constant = K; therefore: 
dC 1 

k 4 
aK K. 


Integrating and evaluating the constant 
of integration: 


. (9) 


t= K2(C, —C)..... (10) 


where Ky = k;CE* or ks = 
This has the form of a zero order rate 
reaction and indicates a linear rela- 
tionship for the rate of stabilization 
after adsorption equilibrium has been 
reached. 

It should be re-emphasized at this 
point that the development of the re- 
action kinetics for the adsorption and 
stabilization reactions as described 
above are based on a number of simpli- 
fying assumptions. The validity of 
these assumptions and the accuracy 
with which the hypothesis describes the 
actual reaction kinetics involved in the 
anaerobic process can only be checked 
by controlled experiments. This was 
the objective of a series of batch tests 
which are described below. 


Experiments 


A series of experiments were run 
on a batch basis to determine the ad- 
sorption and stabilization character- 
istics of anaerobic sludge. Synthetic 
milk waste and domestic sewage were 
used as the adsorbate and various an- 
aerobic cultures taken from the pilot 
plants were used as the adsorbent. The 
waste and the sludge were mixed con- 
tinuously at constant temperature and 
samples were taken at measured inter- 
vals of time, centrifuged to remove 
solids, and the COD determined on the 
clear supernatant. The main objective 
of these somewhat preliminary experi- 
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(ppm) Sludge (ppm) cop) 

l 1,000 \t 5,076 25 602 45 — 0.333 — 0.228 

2 1,000 At 4,046 25 567 45 — 1.940 — 0.454 

3 1,000 \t 5,290 25 680 55 —0.625 —0.741 

i 1,000 At 3,964 25 691 63 —1.27 —0.193 

5 1,000 Ct 8,616 26 612 49 —2.04 —0.179 

6 1,000 At 6,832 35 641 57 —0.518 -0.388 

7 2,000 B§ 12,120 35 1,160 55 —0.713 —0.444 
8 1000 | B§ 12,120 35 607 57 —0.430 —0.465 
9 1,000 | Ct 8,172 23 609 51 —1.390 | -—0.292 , 
10 500 | i 8,172 25 335 49 —0.709 —0.218 , 
11 2,000 Ct 5,156 23 1,202 75 —0.553 —0.333 , 
12 1,000 Ct 5,156 23 629 70 —0.400 — 0.333 
13 1,000 At 5,940 35 786 57 —- 0.304 —0).332 


* Approximate. 

t Sludge from pilot plant I. 
t Sludge from Accelator model. 
§ Sludge from pilot plant IT. 


ments was to determine if the Michaelis- 
Menten hypothesis on the kinetics of 
enzyme reactions could be applied to 
two-stage adsorption and stabilization 
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FIGURE 1.—Rate of adsorption and 


stabilization of dissolved organic matter by 
anaerobic sludge using synthetic milk waste 
with a COD of approximately 2,000 ppm 
and SS of 12,120 ppm. 


of organie matter by anaerobic sludge. 
In this respect if Equation 7 remains 
true for the adsorption reaction as it 
approaches equilibrium, a plot of time 
against the logarithm of the factor 


would result in a linear trend. Fur- 
ther, if Equation 10 holds for the stabi- 
lization stage of the reaction, the ex- 
perimental results plotted as (C) 
against time after adsorption equilib- 
rium has been reached would show a 
linear trend. It should be recognized 
at this point, however, that the fact 
that the experimental results fit the 
proposed hypothesis on the reaction 
kineties does not prove that this is the 
only mechanism which would fit the 
data. It would, however, strengthen 
the evidence that the average mecha- 
nisms or kinetics of a heterogeneous 
reaction such as this can be predicted. 

The summary data for the experi- 
ments on adsorption and stabilization 
are shown in Table I. The temperature 
of the mixture in each case corre- 
sponded with the normal temperature 
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of the sludge used in pilot-plant opera- 
tion. In all cases the COD of the waste 
was used as a measure of the adsorbate 
concentration. The k, and k, values 
were determined graphically from a 
plot of the experimental data in each 
test and are based on the per cent of 
COD remaining (C) at any instant. 
A small amount of the enzyme com- 
plex (CE*) undoubtedly existed in 
the sludge samples used in the experi- 
ments. This was not measured and 
was neglected in computing the value 
of k, which assumed that at adsorption 
equilibrium, CE * = C,—C,. Neglect- 
ing this factor may have caused some 
variations in the k, values and should 
be considered in further tests. 

Typical graphical results together 
with other pertinent data are shown in 
Figures 1, 2, 3, and 4 for test numbers 
7, 8, 11, and 12, respectively, as itemized 
in Table I. In addition to these tests, 
others showed fairly good agreement 
with the theoretical hypothesis on the 
adsorption and stabilization reactions. 
Although preliminary, an analysis of 
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FIGURE 2.—Rate of adsorption and 
stabilization of dissolved organic matter by 
anaerobic sludge using synthetic milk waste 
with a COD of approximately 1,000 ppm 
and SS of 12,120 ppm. 
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stabilization of organic matter by anaerobic 
sludge using synthetic milk waste with a 
COD of 2,000 ppm and SS of 5,156 ppm. 


Temp 


the results of these tests indicates sev- 
eral interesting points regarding the 
adsorption and stabilization of organic 
matter by anaerobic sludge. 

The initial rapid uptake of organic 
matter from a waste followed by a 
much slower reaction was typical for 
all tests. The initial rapid reaction 
which has been called adsorption 
reached equilibrium in a period of 30 to 
60 min after which the subsequent 
stabilization reaction progressed at a 
much slower and uniform rate. Graph- 
ical analysis of the results of the ex- 
periments indicated that the data 
would fit the proposed hypothesis in 
most cases. This can be seen in Fig- 
ures 1 through 4. It is evident that 
within limits the initial adsorption 
reaction is described quite closely by 
Equation 7 and that the stabilization 
reaction tends to become linear and 
can be described by Equation 10. The 
velocity constants, k, and k,, which 
were computed graphically for each 
test show substantial variation for the 
different tests. This would tend to 
indicate that the rate of reaction is af- 
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fected by other factors than those which 
were controlled during the experiment. 
Among the factors which appear to be 
important are the previous history and 
condition of the sludge with respect to 
loading, type of feed, temperature, ete. 
Several tests indicated that the activity 
of the sludge varies with certain con- 
ditions; for instance sludge which was 
not fed for several months appeared 
to lose most of its adsorptive and stabi- 
lization capacity. Also, it was found 
that pasteurizing the sludge at 65°C 
for 20 min destroyed the activity of the 
sludge completely. 

Apart from the fact that the ex- 
perimental data appear to agree quite 
well with the Michaelis-Menten theory 
on the kinetics of enzyme reactions, the 
most important conclusion that can be 
drawn from the results of these experi- 
ments is that the absolute quantity of 
organic matter removed and stabilized 
by the sludge appears to be a direct 
function of the organic concentration of 
the raw wastes. This is evident from a 
comparison of Figures 1 and 2 which 
present the results of tests 7 and 8 us- 
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ing the same sludge at different adsor- 
bate concentrations. Since the initial 
concentration of COD in the adsorbate 
sludge mixture is about one-half as 
much for test 8 as in test 7 and the per- 
cent COD remaining in the substrate 
at three hours is about the same, it is 
apparent that doubling the concentra- 
tion of the adsorbate approximately 
doubles the amount of COD removed. 
In test 7 the total COD removed per 
gram of sludge solids after three hours 
reaction time was 0.10 g and for test 8 
was 0.051 g. This same relation is ap- 
proximately true for tests 11 and 12 
which are shown in Figures 3 and 4. 

An experiment was carried out to 
determine the rate and degree of re- 
versibility of the adsorption reaction in 
order to evaluate the backward rate 
constant (k,). A sample of active 
sludge was mixed with distilled water 
to determine if the diluted conecentra- 
tion of organic molecules in the sub- 
strate would shift the equilibrium to 
the left in Equation 2. The results of 
this experiment indicated that the 
backward or ‘‘desorption’’ rate under 
these conditions was almost negligible 
which would tend to indicate that the 
activated enzyme complex is relatively 
stable after it is once formed. 


Separation and Concentration of 
Anaerobic Sludges 


Investigations aimed at determining 
the characteristics and evaluating the 
factors influencing separation and con- 
centration of active sludges were con- 
ducted using the operating pilot plants. 


Characteristics of Anaerobic Sludges 


The sludges developed during this 
pilot-plant research program were simi- 
lar and yet sufficiently different to 
cause variations in their separating and 
concentrating behavior. general, 
the sludges were almost black in color, 
appeared quite light and floeeulent in 
nature, and as normally used in the 
pilot plants contained solids concentra- 
tions of 0.2 to 2.0 per cent. The solids 
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in the sludge tended to separate from 
the liquid portion on standing either 
by floating or settling. If the sludge 
was degasified under vacuum and al- 
lowed to stand quiescently, the solids 
would all tend to settle, at least until 
gas production caused subsequent gas 
lifting. In the range of solids concen- 
trations normally used in the pilot- 
plant studies, this gravity separation 
process was characterized by a definite 
sludge-liquid interface, accompanied by 
a relatively clear supernatant. This 
function could be visualized as more of 
a thickening than a settling process. 
Several studies were made on the 
sludges treating packing plant and milk 
wastes to determine the size distribu- 
tion and specific gravity of the sludge 
floc. The size was measured by taking 
photographs of the sludge floes settling 
through clear supernatant liquid. These 
measurements indicated a range in floc 
sizes from 0.10 to 2.80 mm and aver- 
aged 0.76 mm. The average of several 
tests to determine the specifie gravity 
of the sludge particles which were de- 
veloped during the pilot-plant tests on 
packing plant and milk wastes are shown 
in Table II. The very small difference 
in specifie gravity between the sludge 
floe with entrained liquid and the sus- 
pending media would have a marked ef- 
fect on the free fall subsidence velocity 
of the particles. However, this factor 
becomes even less important at the rela- 
tively high solids concentrations nor- 
mally found in the anaerobic process. 
Although the sludge volume index is 
uot directly applicable to continuous 


TABLE IL.—Results of Specific Gravity Tests 
of Packing Plant and Milk Wastes 


Specific Gravity* 
Sludge Feed | 
Dry | Wet pp Dif- 
| Solids | Solids mae ference 


Packing plantt | 1.36 D 1 0163) 1.0040, 0.0123 
Milkt he 1.61 0.9996) 0.9961 0.0035 


* Compared to water at 4°C. 
+ Temperature 35°C. 
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FIGURE 5.—Effect of suspended solids 
concentration on quiescent settling of an- 
aerobic sludge. 


flow separation, it is in a sense an arbi- 
trary indicator of the concentration or 
separation character of the sludge 
solids. A number of quiescent settling 
tests were carried out on various sludges 
taken from the pilot plants to deter- 
mine the effect of solids concentration 
on the rate of the solids interface lower- 
ing. The results of several typical 
tests of this type are shown in Figure 
5. There are several interesting points 
which are demonstrated by these data: 
(a) the ability of the sludge to con- 
centrate under quiescen. settling con- 
ditions was apparently somewhat dif- 
ferent for each of the test series shown, 
and (b) the rate of interface lowering 
in all cases appears to be a function of 
the initial solids concentration. 

It was evident that the sludges de- 
veloped under various pilot-plant op- 
erating conditions varied somewhat 
with respect to their ability to concen- 
trate. This was especially true of the 
sludges developed when treating milk 
wastes. With packing plant wastes, 
the sludge volume index increased 
from about 50 in the early tests to an 
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FIGURE 6.—Photomicrographs of anaerobic sludge showing progressive 
development of filamentous growth. 


equilibrium value of about 100 during 
the remainder of the period. During 
the tests using synthetic milk wastes, 
the index increased progressively from 
50 to over 300. At the high index the 
sludge was difficult to separate and 
would indicate a condition similar to 
‘*bulking’’ of activated sludge. The 
reason for this change in sludge char- 
acter is not completely understood ; 
however, it was noted that the sludges 
produced during the pilot-plant tests 
on synthetic milk waste developed a 
filamentous bacterial growth, especially 


at the higher loadings. It was felt that 
this growth contributed a great deal to 
the bulking of the sludge. The series 
of photomicrographs presented in Fig- 
ure 6 show typical examples of the 
progressive development of this fila- 
mentous growth and its effect on the 
sludge volume index. Upper left shows 
seed sludge with a SVI of 26; upper 
right, sludge with SVI of 30; lower 
left, SVI of 102; and lower right, SVI 
of 166. Apparently this type of growth 
is caused by the environmental econdi- 
tions provided for the sludge organisms 
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such as type of feed, loading, minerals, 
ete. This so-called bulking condition 
did not develop when actual plant 
wastes were used. 

The data for the quiescent settling 
tests shown in Figure 5 can be used to 
demonstrate the existence of a definite 
hindered settling zone in the liquid- 
solids separation of anaerobic sludges. 
In Figure 7 the 8-min and 30-min 
sludge volume indexes have been plot- 
ted against the initial solids concentra- 
tion for the settling tests shown in 
Figure 5. It is apparent from these 
results that there is an abrupt change 
in the concentrating characteristics of 
the sludge at a solids concentration of 
about 4,000 to 6,000 ppm, which would 
indicate that beyond this limiting con- 
centration, the separation process is 
much slower which is caused by the in- 
terference of velocity fields between 
particles. 


Gravity Separation and Concentration 


It should be pointed out that the 
problem of liquid solids separation at 
the relative high solids concentrations 
used in the pilot-plant studies is largely 
one of thickening rather than sedimen- 
tation, as usually considered. In this 
respect, it was felt that the factors gov- 
erning the gravity separation of anaer- 
obie sludges at the solids concentrations 
normally used in the pilot plants would 
be those which influence liquid solids 
separation in the so-called hindered 
settling and compaction zones. 

A series of continuous flow separa- 
tion studies was carried out on an 
anaerobic sludge which was developed 
at low loadings on synthetic milk waste. 
This was designed to study the effect of 
separator loading and return sludge 
rate on the equilibrium sludge depth 
and to determine solids concentration 
gradients in the separator under these 
various loading conditions. 

Nine individual tests were carried 
out using various separator loading 
and operating conditions to determine 
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FIGURE 7.—Effect of initial solids con- 
centration on sludge volume indexes of 8 
and 30 min for tests shown in Figure 5. 


the equilibrium solids concentration 
gradient in the separator and the effect 
of separator loading on sludge depth. 
These tests were made using a sludge 
culture which was being fed synthetic 
milk waste at a very low rate of BOD 
loading (0.02 lb/day/eu ft) in order 
to avoid gas lifting which might 
have obscured the separation results. 
The 30-min SVI for this sludge was 
measured at 200 just prior to the tests. 
The 4-in. diameter separator was 
equipped with sampling points every 
4 in. in a depth of 5.67 ft in order to 
check the variation in solids concentra- 
tion with depth. Insofar as possible, 
the inlet to the separator was placed at 
or slightly below the equilibrium sludge 
interface. In each test the separator 
was operated continuously under a 
fixed set of conditions until the equi- 
librium sludge depth was established. 
Samples were then taken from the 
sludge column at 4-in. intervals to de- 
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termine the solids concentration gra- 
dient. 

The results indicate clearly that the 
separation occurred in two somewhat 
distinct zones. Although the concen- 
tration gradient diagrams shown in 
Figure 8 are somewhat idealized, they 
are typical of the results obtained in 
The solids con- 
centration immediately below the solids- 
liquid interface was about 4,000 ppm 
which was arbitrarily defined as the 
upper limit of the hindered zone. At 
a solids concentration of about 7,500 
ppm there is an observed discontinuity 
in the gradient, apparently indicating 
the beginning of the compaction zone. 


these separation tests. 
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Table III shows a compilation of sur- 
face overflow rates and solids charac- 
teristics for the four cases shown in 
Figure 8. 

An analysis of the data taken during 
these tests was made in order to deter- 
mine loading factors affecting the depth 
of the hindered zone and the ecompac- 
tion zone. The depth of the hindered 
zone was found to be a function of the 
separator loading. The effect of sur- 
face settling rate and solids applied 
rate on the hindered zone depth for six 
tests where solids did not overflow into 
the effluent are shown in Figure 9. It 
appears from these results that the 
depth of the hindered zone is a direct 
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FIGURE 8.—Typical concentration gradient diagrams for various 
separator loading conditions. 


oa 

3 
5 

4 

} 
ul 

ray 

| 
} 

| 
\ 

///4///® Compacted 

A 

7 a 
AG 


Vol. 31, No. 6 


ANAEROBIC DIGESTION. II. 


TABLE III.—Surface Overflow Rates, Solids Loading and Return Sludge Ratio Data for the 
Cases Shown in er 8 
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Total Flow Raw Flow Suspended | | | 
Surface Surface Solids Return Sludge | Influent Return 
Test Identification Overflow Overflow Applied } Solids Solids | Sludge 
te Rate te (ppm) | (ppm) Ratio 
(gpd/sq ft) (gpd/sq ft) | (1b/day/sq ft)| 
Case I 500 | 250 | 208 10,000 | 5,000 | 1:1 
Case II 250 125 10.4 10,000 5,000 at 
Case III 500 | 333 20.8 15,000 | 5,000 | 5:1 
Case 1V 250 166 5.2 i. 2,500 | 5:1 


linear function of the total flow sur- 
face settling rate and the suspended 


solids applied rate. From the coeffi- 
cient of correlation for the computed 
regression lines it would appear that 
the hindered depth is slightly more 
significantly related to the total flow 
surface settling rate. However, since 
all of the six tests where solids over- 
flow did not occur were run at the 
same solids concentration and over a 
narrow loading range, it is possible 
that the solids applied rate is the sig- 
nificant factor and the effect of surface 
settling rate is only a secondary or de- 
pendent effect. In one of these tests, 
shown as an open point in Figure 9, 
the influent solids concentration was 
reduced by one-half. These data favor 
the premise that the surface settling 
rate is most significantly related to 
hindered depth. 

The depth of the compaction zone 
was found to be a function of the de- 
gree of concentration necessary to 
maintain a solids balance between the 
influent and return sludge and this, in 
turn, was found to be a function of the 
return sludge ratio (return sludge flow 
divided by the effluent flow Qrs/Qsr).* 
The effect of solids concentration and 
return sludge ratio on the compaction 
zone depth are shown in Figure 10. It 
is apparent from these data that at equi- 


* Editor’s Note—Manual of Practice No. 
6, ‘‘Units of Expression for Wastes and 
Wastes Treatment.’’ FSIWA, Washington 
16, D. C.; published in TH1s JourNAL, 30, 5, 
709 (May 1958), recommends that return 
sludge be expressed as per cent [100 x (re- 
turn sludge flow/waste flow) ]. 


librium conditions, the compaction zone 
depth is a direct and linear function of 
the solids content of the return sludge. 
The computed line of regression shows 
excellent correlation with the data. The 
fact that equilibrium conditions were 
actually achieved during the tests is 
demonstrated by the close fit of the 
data to the theoretical solids balance 
curve shown at the bottom of Figure 
10. The solids concentration ratio is 
the concentration of solids in the re- 
turn sludge divided by solids concen- 
tration in the influent. 
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FIGURE 9.—Effect of separator loading 
on the hindered zone sludge depth (ran- 
dom point not included in line of regres- 
sion). 
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FIGURE 10.—Effect of return sludge 
ratio and suspended solids concentration on 
compacted zone depth. 


The equations of the regression lines 
based on these data can be used to com- 
pute or predict the total sludge depth 
for any particular separator loading. 
The hindered depth can be computed, 
based either on the equation for total 
flow surface settling rate or suspended 
solids applied rate as shown in Figure 
9. The compacted depth can be com- 
puted from the equation shown in the 
upper part of Figure 10. A comparison 
of the total measured depth with the 
depth computed on this basis is pre- 
sented in Figure 11 and shows excel- 
lent correlation in each This 
procedure was also used for similar 
computations as shown in Figure 8. 


case. 


Other Aids—Flotation 


During the research program a num- 
ber of preliminary tests were made to 
study the flotation process as a method 
of separating and concentrating anaer- 
obie sludge. These tests were carried 
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out on a batch basis using various pro- 
portions of pilot-plant effluent pressur- 
ized with air to 50.0 psi. 

In general, the results of these tests 
showed that anaerobic sludge can be 
floated quite readily and to a fairly 
high degree of concentration. The con- 
centration of the floated sludge appears 
to be a function of the character of the 
sludge as measured by the sludge index, 
the ratio of pressurized effluent to 
sludge, and the time allowed for con- 
centration. Using a pressurized efflu- 
ent to sludge ratio of two to one and a 
30-min flotation period, the concentra- 
tion of floated solids was about two 
or three times that which could be 
achieved by degasification and settling 
under usual conditions; i.e. 30,000 to 
60,000 ppm. The effluent from the flo- 
tation process was rarely clear and in 
all cases contained appreciable settle- 
able solids. This would indicate the 
need for a secondary separation unit 
following flotation, to recover the frac- 
tion of the solids necessary to the sue- 
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FIGURE 11.—Correlation between com- 
puted and measured sludge depth. 
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FIGURE 12.—Effect of centrifugal ac- 
celeration on concentration of anaerobic 
sludge. 


cess of the process. Continuous flow 
studies of flotation are necessary to de- 
termine design and operational yard- 
sticks before the effectiveness of this 
process as applied to anaerobic sludge 
can be established. This is indicated 
because in the normal operation gas 
entrainment is a necessary result. 


Other Aids—Centrifuging 


The effect of centrifugal force on the 
separation and concentration of anaer- 
obie sludge was studied on a batch 
basis. Several samples of active sludge 
taken from pilot plants I and II treat- 
ing synthetic milk waste at 35° and 
25°C, respectively, were subjected to 
various centrifugal accelerations to de- 
termine the effect of this factor on the 
rate of concentration. The results of 
these tests are shown in Figure 12. 
These data indicate the following: (a) 
using relatively low centrifugal accel- 
erations it is possible to increase the 
rate of concentration markedly over 
that obtained by gravity settling. 
Thus, the concentration accomplished 
in 2 hr of gravity settling (1.0 x g) 
ean be achieved in 15 min at 4.0 x g 
and in less than 5 min at 20.0 * qg; and 
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(b) it is apparent that most of the con- 
centrating effect occurs in the first 20 
to 30 min. 

No tests were carried out using con- 
tinuous flow centrifuging because of 
the small scale of the pilot plants. 
However, the results of batch tests at 
low centrifugal accelerations appear 
promising. 


Other Aids—Wicketing 


A process of low rate stirring called 
‘‘wicketing’’ has been used successfully 
in the past to enhance the thickening 
of concentrated sewage sludges. 

Preliminary tests on a batch basis 
were made on a number of anaerobic 
sludges developed on synthetic milk 
waste to determine the effect of wicket- 
ing on the rate of solids concentration. 
In all cases it was shown that wicket 
action increased the rate of concentra- 
tion appreciably. These tests were car- 
ried out in one-liter cylinders using 
screens of various mesh sizes as the 
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FIGURE 13.—Effect of wicket action on 
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wickets. Figure 13 shows the results 
for a typical experiment of this type. 
It is apparent that wicket action in- 
creases the rate of concentration of the 
solids. At two to three hours settling, 
solids concentration was almost twice 
that achieved without wicketing. 
Sncouraged by these results, several] 
tests were made to determine the effect 
of wicket action in the continuous flow 
pilot-plant separation process. These 
tests were carried out in parallel sepa- 
ration tubes 4 ft deep, one as a con- 
trol and one equipped with a wire 
wicket. The results indicated 
only a slight decrease in sludge depth 


mesh 
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due to wicket action. This probably 
can be attributed to the fact that under 
the separator loading conditions and 
return sludge ratios used, most of the 
over-all sludge depth was in the hin- 
dered zone with a relatively small com- 
paction zone. It is felt that wicket 
action has little if any effect on the 
depth of the hindered zone. The effect 
of wicket action in the higher solids 
concentrations in the compaction zone 
is most likely due to the elimination of 


‘“structural bridging’ effects’? and 
liquid pockets in the sludge. Further 


study of wicket action including eco- 
nomics would be desirable. 


Summary and Conclusions 


The research program on the anaer- 
obie treatment of wastewater conducted 
during the past three years has ex- 
tended the application of the process 
to a number of different wastes and has 
contributed to a greater understanding 
of the involved in the 
process and of the factors which in- 


basic actions 
fluence its performance and economy. 
The following conclusions are offered: 


L.A process has been developed for 
the anaerobic treatment of organic 
wastes which separates the actions in- 
volved into a contact phase and separa- 
tion phase and which in operation and 
performance is similar to the aerobic 
activated sludge process. 

2. The process has been successfully 
applied on a pilot-plant basis to a num- 
ber of organic wastes. For operation 
at a temperature of 35°C, the results 
indicate that for the wastes tested the 
process is capable of removing 80 to 
95 per cent of the BOD load applied 
at contact unit loadings varying from 
0.10 to 0.20 Ib/day/eu ft. 

3. The application of the process at 
lower temperatures is feasible at some 
what reduced loading. Tests on sev- 
eral wastes at a temperature of 25°C 
indicate that the process is capable of 
removing 80 to 90 per cent of the BOD 


load applied at contact unit loadings 
of 0.05 to 0.10 Ib ‘day /eu ft. 

4. The appears to be ad- 
versely influenced by diurnal tempera- 
ture variations of 10°C. 

5. The importance of the thermal re- 
quirements of the process with respect 
to its economic application for waste 
treatment demonstrated. 
These results indicate the advantage of 
the process in treating relatively strong 
and warm wastes but do not preclude 
the possibility of the economie applica- 


process 


has been 


tion of a modified anaerobie process 
to weaker and cooler wastes. 
6. The solids concentrations main- 


tained in the system were found to af- 
fect the economies of the process in that 
high solids concentrations were desir- 
able in the contact portion of the proc- 
ess but were more difficult to separate 
in the separation portion. Accord- 
ingly, there appears to be an optimum 
solids concentration to best fit these re- 
quirements. In general, for the sludge 
developed during these tests, this opti- 
mum solids concentration appears to 
be near 12,000 ppm. 

7. The anaerobie process appeared to 
be ‘rugged’? enough to withstand the 
normal variations in waste quantity 
and streneth. However, because of the 
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necessity of designing the separation 
process on a maximum flow basis, there 


appeared to be an economic advantage : 


in providing for flow equalization, es- 
pecially for extremes. 

8. A process of degasification by the 
application of vacuum followed by 
gravity sedimentation was established 
as an efficient method of separating and 
concentrating anaerobic sludges. The 
results indicate that maximum sepa- 
rator loading to avoid sludge overflow 
is a function of the concentration and 
character of the sludge. 

9. The surface overflow rate used in 
the four-foot separators during the 
pilot-plant tests ranged from 150 to 
300 gpd/sq ft on a raw flow basis and 
400 to 800 gpd/sq ft on a total flow 
basis. This corresponded to a solids 
loading range of 50 to 85 Ib/day/sq ft 
for sludges developed on packing plant 
waste, (SVI of 50 to 100) and 25 to 35 
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lb/day/sq ft for sludges developed on 
milk waste (SVI of 100 to 300). 

10. The relatively high removals 
which are possible by this process at 
loadings somewhat higher than are 
common in aerobic treatment can be 
explained partly by the temperature 
advantage and also by the fact that the 
suspended solids in the mixed liquor 
can be maintained at relatively high 
values (5,000 to 15,000 ppm). 

11. The investigations of the anaero- 
bie process made during this research 
program have indicated a number of 
possibilities for further improvement 
of the process. The need for further 
study in a number of important areas 
was also demonstrated. It is felt that 
continued studies should be made on 
these points so that the basic actions 
involved in the process can be fully 
understood and its potential as a waste 
treatment method realized. 
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NEW SEWER DESIGN MANUAL 


The new Manual of Practice entitled ‘‘Design and Construction of 


Sanitary and Storm Sewers”’ is announced. 


This is the second publica- 


tion produced by a joint FSTIWA-ASCE committee in recent months. 
Again, comprehensive treatment of the subject is contained in the more 
than 300-page manual, under the chairmanship of Bernal Swab. 

Orders are now being accepted for this FSTWA MOP No. 9 at $3.50 


to members and $7.00 to others. 


See page 260a for other publications and details for ordering. 
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DISPOSAL OF ALKALINE WASTES IN THE 
PETROCHEMICAL INDUSTRY * 


3y AtEx D. McRag 


Imperial Oil Limited, Sarnia, Ont., Canada 


This is one of several papers from an Industrial Wastes Symposium 


titled, ‘*‘The Petrochemical Industry. 
published in THIs JoURNAL (81, 


papers in the series will appear in e: 


Caustic alkali has been used in pe- 
troleum refining in the petrochemical 
industry since the inception of oil re- 
fining in the latter part of the nine- 
teenth The chemical 


eentury. was 
known and used in soap making as 
early as the first century A.D. Orig- 


inally it was produced by the action of 
lime on a solution of alkali carbonate 
derived from wood ashes, and consisted 
principally of sodium and potassium 
hydroxides heavily contaminated with 
impurities (1). 

Some later natural soda 
deposits were identified and worked by 
the Arabs in North Africa. From there 
soda found its way into Europe where, 
among other applications, it served in 
the preparation of caustic soda solu- 
tions. A good part of the caustie soda 
made today is produced by the elec- 
trolysis of sodium chloride. In ton- 
nage it ranks second only to soda ash 
as an industrial alkali. It is delivered 
principally in the form of its water 
solution or in the several commercial 


centuries 


anhydrous forms, such as solids, flakes, 
ground, and powdered. The petro- 
chemical industry usually receives fresh 
in tank Solutions 
of up to 70 per cent sodium hydroxide 
ure shipped in heated cars which have 


caustic soda ears. 


* Presented the 31st Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Detroit, Mich.; Oct. 6 9, 1958. 
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274; and 31, 5, 574). Other 
irly issues of THIs JOURNAL. 


had the interiors nickel plated to mini- 
mize contamination from iron. 


Use of Alkalies 


Alkalies are used in the petrochem- 
ical industries to purify various hydro- 
carbon streams which range all the way 
from propane and butane to distillate 
fuel oils. This chemical treatment re- 
moves sulfur compounds, converts them 
to disulfides, and extracts unwanted 
compounds (such as phenols and other 
organic acids). The refiner utilizes 
many types of chemical treatment proc- 
esses to yield products of high quality 
for the consumer. The by-products of 
some of these processes, however, pro- 
duce waste materials which are difficult 
to dispose of without creating a stream 
pollution problem. Many methods for 
the disposal of spent caustic are known 
and available and selection usually 
hinges on the degree of treatment de- 
sired in order to comply with stream 
control regulations and air pollution 
restrictions. 


Requirements for Acceptable 
Disposal 


Disposal methods are chosen to meet 
quality requirements of the receiving 
waters. he main points to 
sider are: 


con 


not 
concentrations 


1. The caustic discharge must 
exist in the stream in 


; 

ye 
: 
? 
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which may be toxic to humans, animals, 
fish, or other aquatic life. 

2. The waste material must not cause 
the receiving stream to exceed limita- 
tions for threshold taste and odor, 
chemical oxygen demand, total solids, 
pH, chlorides, sulfides, phenols, and 
other critical substances as required by 
regulatory agencies. 

3. The material discharged must not 
cause unsightly discoloration or con- 
tain quantities of floating material. 


Treatment Methods 


Caustic soda in water solution is 
brought in contact with hydrocarbons 
by many types of treating towers which 
remove sulfides, light mereaptans, phe- 
nols, and acid oils. It is essential that 
hydrogen sulfide be removed from pe- 
troleum distillates which are to be used 
as a motor fuel or as feedstock to 
petrochemical units. Sulfur is consid- 
ered a poison in many catalytic conver- 
sion processes and caustic soda is used 
to remove its last traces. A major por- 
tion of hydrogen sulfide is usually re- 
moved along with the lighter hydro- 
carbons such as propane. The lighter 
fractions eventually are scrubbed with 
amine hydrocarbons. This organic sol- 
vent can be regenerated with steam. 
There are several modifications of the 
caustic method for the treatment of 
hydrocarbons for removal of mercap- 
tans and, in all of these, the spent 
alkalies can be regenerated with steam 
and sometimes by a combination of 
steam and air. 


Regeneration of Spent Alkali 


To prevent stream pollution and to 
conserve caustic soda, the spent alkali 
is regenerated whenever possible. There 
are many processes available for re- 
generation (3), including steam hy- 
drolysis, use of nascent oxygen derived 
from electrolysis, air regeneration, and 
the use of slaked lime. The plant man 
ager must try to select the most eco- 
nomical methods of regeneration while 
keeping in mind the restrictions on the 
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ultimate discharge of the waste to the 
receiving waters. In the steam hy- 
drolysis and air oxidation processes it 
is possible to regenerate approximately 
90 per cent of the caustic soda by con- 
verting mereaptans to disulfides which 
are relatively insoluble in the recovered 
caustic and, therefore, can be removed. 
In the case of sulfides, it is possible to 
convert these compounds to polysul- 
fides, elemental sulfur, or sodium thio- 
sulfate. A 50 per cent conversion is 
possible in the case of sulfides but there 
will be a gradual buildup of thiosul- 
fates, requiring ultimate discharge of 
the waste material. Some refiners have 
followed the practice of the paper com- 
panies which use alkalies for pulping 
and regenerate the spent alkali with 
hydrated lime after incineration to ear- 
bonate and sulfate. In some remote 
areas this practice is necessary because 
long rail hauls make the use of fresh 
caustic uneconomical while lime is 
readily available. The use of lime re- 
generation is also practiced in areas 
where water quality restrictions forbid 
the discharge of alkali-bearing wastes. 


Regeneration by Steam Hydrolysis 


Steam hydrolysis is the regeneration 
process used for treating the largest 
volume of spent caustic used by the in- 
dustry. It is effective in removing light 
mercaptans but will not regenerate sul- 
fides, naphthenates, or phenolates. 

Figure 1 is a flow diagram for the 
steam regeneration process. Spent caus- 
tie containing mereaptans is charged 
to a treating tower in which a bottom 
temperature of 260°F is maintained by 
a re-boiler section. Steam injection is 
used to maintain a top vapor tempera- 
ture of 235°F which is later reduced 
to 200°F by an overhead condenser. 
The mereaptans are hydrolyzed by the 
steam and pass overhead to a mer- 
captan stripper where they are vola- 
tilized and passed to a flare or furnace 
for incineration. The bottoms from 
this stripper are returned to the caustic 
stripping tower as reflux. The recov- 
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FIGURE 1.—Flow diagram for steam regeneration of spent caustic. 


ered caustic is returned to the treating 
for further The caustic 
stripping tower has to be lined with a 
resistant metal such as monel; other- 
wise severe corrosion takes place above 
230°F. A gradual buildup of sulfides 
occurs in the recovered caustic and 
eventually it must be discarded. 


system use. 


Electrical Regeneration 

In the electrical regeneration process 
it is claimed that spent caustic contain- 
ing sodium sulfide can be oxidized at 
The oxidation 
process regenerates foul caustic and al- 
lows for its reuse. The regeneration of 
spent caustic through external oxida- 
tion has been employed commercially 
Causties containing so- 
dium hydrogen sulfide, when treated 
with atomic oxygen, will regenerate to 
and a sulfur complex. 
Usually small amounts of mereaptan 
sulfur in the system are converted to 


ambient temperatures. 


for some tine. 


free caustic 


Feed Drum 


disulfides which absorb or react with 
free sulfur to form polysulfides. The 
polysulfides have some commercial 
value and are sold. The oxidation re- 
actions are as follows: 


2NaSR + H.O0+ 0 
= RS. + 2 NaOH. 


+HO+0 
= 2NaOH + S.. 


Na 


RS.+ = RS;.... 
where R represents the alkyl group and 
NaSR represents sodium mereaptide. 

As shown in Figure 2, the electrical 
process consists of a commercial elec- 
trolizer for the generation of oxygen 
and hydrogen, an eductor for the injec- 
tion and mixing of atomic oxygen, 
surge tanks, pumps, and necessary pip- 
ing and instrumentation. The electro- 
lizer is usually a unipolar tank-type 
cell operated at current strength up to 
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FIGURE 2.—Flow diagram for 
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electrical regeneration of spent caustic. 
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10,000 amp. The cell tank contains 
eight electrodes constructed of nickel- 
plated iron. Each pair of anode and 
cathode plates is separated by an as- 
bestos diaphragm. Oxygen collectors 
are mounted above the anode plates 
and hydrogen collectors are mounted 
above the cathode plates. Direct eur- 
rent power is supplied by a rectifier 
and the complete oxygen-generating 
equipment is housed in a pressurized 
building to eliminate hazards. Approx- 
imately 0.5 to 0.7 lb of sulfur per kilo- 
watt will be oxidized with the electrical 
regeneration unit. Spent caustic is fed 
to an accumulating drum and then 
pumped to an eductor where atomic 
oxygen catalyzes and reacts with the 
sulfur-bearing caustic, resulting in the 
formation of free sodium hydroxide. 
The effluent from the eductor returns 
to the common surge drum. Sulfur 
and polysulfides are formed in the reac- 
tion and are separated by gravity and 
periodically removed from the foul- 
caustic tank. The regenerated caustic 
is returned to the treating unit for 
further use. Test results after 48 hr 
of operation are shown in Table I. 

The electrolytic process is used in 
the petrochemical industry although it 
has been demonstrated that air oxida- 
tion will accomplish the same results 
with much less expenditure for equip- 
ment. Certain precautions must be 
taken because of the explosion hazard 
connected with the mixture of air and 
disulfide vapors. Disulfides removed 
are either burned in the vapor state or 
removed by naphtha and fed as a fuel 
product to the process units. 


Spent Alkali Disposal 


As mentioned above, spent alkali so- 
lutions contain organic acidic material, 
such as acid oils or phenols, as well as 
sulfides, mercaptides, sulfates, and sul- 
fanates. This complex of compounds 
in solution is a possible source of water 
pollution from the standpoint of tox- 
icity, oxygen consumption, taste, odor, 
and appearance. The process operator 
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TABLE I.—Test Results from Electrical 
Regeneration of Spent Caustic 


= = 
| Regen- 
| erate 
| Caustic 


Spent 
Caustic 


Capacity (bbl /day) 

Temperature (°F) 

Pressure (psi) 

Sulfide (moles /liter) 0.750 0.320 
Mercaptan (moles /liter) 0.125 0.062 
Free NaOH (moles /liter) 0.981 1.454 


normally reduces the potency of the 
caustic by using caustic solutions par- 
tially spent as a pre-wash in other op- 
erations, such as scrubbing hydrogen 
sulfide from distillates and gases. In 
addition, certain types of caustic are 
used to control pH in various refinery 
operations. Examples are treatment 
of process water, treating condensates 
from steam stills, and desalting crude 
oil. 

The first requirement for effective 
disposal is a well-planned system for 
handling the spent material. Tankage 
and lines to collect and transfer the 
solutions to the disposal site are 
required. 


Direct Disposal Methods 


Direct disposal is usually the cheap- 
est method of handling spent alkali 
solutions. These methods inelude dilu- 
tion, use of disposal ponds and disposal 
wells, and sale of spent solutions. In 
many cases, however, the direct method 
is sometimes not suitable because of 
geographical or geological limitations. 
Each locality presents its own problems 
and it is necessary to study the topog- 
raphy and sub-strata of the area in 
order to decide on the best method of 
disposal. 

Controlled disposal of spent caustic 
into large bodies of water or large 
rivers, where dilution is almost infinite, 
is sometimes suitable. This is true 
when discharge may be effected to salt 
water lakes, brackish streams, or to the 
ocean. Discharge into fresh water 
which is used for domestic purposes 
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and recreation 
ommended. 

Disposal of spent caustic solutions 
to ponds is not strongly recommended 
in the literature. If adequate deten- 
tion time is possible then a pond can 
be used with care; the spent waste 
being oxidized and stabilized by stor- 
and eventually disposed of by 
dilution. 

Under special local conditions, a dis- 
posal well may be used. Using this 
method, spent caustic solutions are 
pumped into underground strata that 
contain brackish or saline water. Be- 
fore this method can be adopted, how- 
ever, it is necessary that the geological 
structure of the area be carefully ex- 
A structure of dolomite, lime- 
stone, or sandstone is required with a 
porosity of at least 10 per cent. The 
brine from the strata also must be ana- 
lyzed to determine its compatibility 
with the spent solution since the pre- 
cipitates formed may reduce the capa- 
city and the life of the well. Any areas 
containing potable water must be iso- 
lated by casing the well and cementing 
at the point of injection. The cost of 
drilling such a well varies according to 
the nature of the terrain and the depth 
to which the well must be sunk. Sev- 
eral companies in the United States are 
using injection wells, however, and have 
been generally successful in disposing 
of wastes in this manner. 


is certainly not ree- 


age 


plored. 


Sale of Spent Alkalies 


Spent solutions containing sulfides, 
phenolates, cresolates, and some c¢ar- 
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bonates are salable. The cost of trans- 
portation must be taken into account 
and also the fact that the spent solu- 
tion is usually sold in concentrated 
form with a range of gravities from 20 
to 45°Bé. Some refiners are using 
electrical coalescing equipment in order 
to hold the gravity of the caustic solu- 
tion to at least 45°Bé (approximately 
20 per cent caustic). <A third layer of 
sodium ecresolates is formed after econ- 
tact with petroleum distillates and this 
concentrated solution contains up to 50 
per cent salable cresols. The produc- 
tion of ecresols from petroleum and 
petrochemical manufacture in- 
creased from 9 million lb in 1948, to 48 
million lb in 1957. It is apparent that 
petroleum-derived ecresylic acids have 
become an important commerical prod- 
uct over the past ten years. The total 
quantity in use is now almost double 
the quantity of imported acids used. 
With improved continuous-solvent ex- 
traction processes, sulfur and neutral 
oil pollutants ean be removed efficiently 
and the resultant acids are now con- 
sidered to be equal in quality to the 
imported products and to the best 
coal-tar-derived acids. The processing 
plants handling eresols now draw on 
supplies from practically every oil refi- 
nery in the United States and Canada 
when the material is available and of 
satisfactory quality. 


Neutralization with Spent Acid 


Acidie wastes are sometimes used as 
neutralizing agents for spent alkali so- 
lutions (Figure 3) ; sulfuric acid being 


Incineratior 


Discharge 


FIGURE 3.—Flow diagram for acid neutralization of spent caustic. 
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FIGURE 4.—Flow diagram for flue-gas neutralization of spent caustic. 


the most widely used for this purpose. 
Acid sludges are usually hydrolyzed 
first before they are used as neutraliz- 
ing agents. Acid oils are released and 
the evolved hydrogen sulfide inciner- 
ated during the neutralization process. 
It is sometimes necessary to steam-strip 
the neutralized solution before dis- 
charging it to the receiving waters. If 
raaximum reduction of phenolic com- 
pounds is necessary, the neutralized so- 
lution requires additional treatment, 
such as biological oxidation. 


Neutralization with Carbon Dioxide 


Caustic can be neutralized by the 
carbon dioxide in flue gas which changes 
free hydroxide to carbonate (Figure 
4). Sulfides, phenolates, mereaptides, 
or other basic salts are present in the 
solution as ions and these react with the 
carbon dioxide to form free hydrogen 


Stripper 


Steam 


Mixer 


Air 


Spent 
Caustic 


sulfide, phenols, and mereaptans. Such 
compounds may be recovered or dis- 
posed of as mentioned previously. 
Flue-gas neutralization is practicable 
when the gas can be obtained from 
certain units during catalyst regenera- 
tion. If the pressure is sufficient to 
force the flue gas through a column or 
tank the application is feasible. Usu- 
ally the temperature of the gas is above 
600°F and therefore the formation of 
corrosive condensation products is not 
a problem which is likely to be en- 
countered. A common design is a batch 
operation in which the spent solution is 
pumped from a collecting tank to the 
top of a packed or baffled tower. From 
there it flows downward, counter-cur- 
rent to the movement of the flue gas. 
The solution is recycled until carboniza- 
tion is complete. The time required for 
complete carbonization varies from a 
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FIGURE 5.—Flow diagram for steam and air oxidation of spent caustic. 
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few hours to as much as 60 hr, depend- 
ing on (a) the quantity of caustic solu- 
tion being neutralized; (b) the rate of 
the flue-gas flow; (c) efficiency of con- 
tact: and (d) degree of carbonization 
desired. 

A conservative design allows for a re- 
action time of 16 to 24 hr for a carbon 
dioxide utilization of 25 to 50 per cent. 
‘The treated solution contains a mixture 
of carbonates, bicarbonates, sulfates, sul- 
fites, biosulfates, and some phenolic 
Usually further neutral- 
ization is required if phenolic com- 
pounds are a problem when discharged 
to receiving waters. Neutralization is 
necessary in order to enhance biological 
activity in an activated sludge or trick- 
ling filter plant. 


compounds. 


Oxidation with Air and Steam 


Several refiners reportedly have been 
suecessful in handling spent caustic 
through oxidation with air and steam 
(Fieure 5 Gothard and Fowler (4) 
deseribed the process and stated that 
95 per cent of the sulfide-sulfur can be 
converted to the much less objection- 
able thiosulfate. This method of dis- 
posal has found widespread use on the 
West and the refineries which 
use it claim that it meets their needs. 

The equipment consists of a charge 
tank, a mixer, tower, heat exchanger, 
gas separator, pump, and other neces- 
sary piping and instrumentation. The 
reaction is carried out at 250°F and 
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50 psi. This makes it necessary to con- 
struct the equipment containing the 
sulfides of monel metal or its equal. A 
5-to-10-hr detention time is required 
for complete reaction. 


Conclusions 


The disposal of spent caustic soda is 
one of the major problems of the petro- 
chemical industry. The plant manager 
must, at all times, be cognizant of stream 
eontrol and air pollution regulations or 
laws. Regenerative processes are neces- 
sary for conservation and to reduce the 
quantity of alkali which will ultimately 
be removed. The sale of spent chemi- 
cals has brought a measure of relief to 
the cost problem and the industry is 
studying alternate methods of treat- 
ment for further conservation of 
chemicals. 
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INDUSTRY ON PARADE 


Two recent issues of ‘‘ Industry on Parade,’’ the National Association 


of Manufacturers’ weekly television series, have been featuring conserva- 
tion of natural resources and reclamation of industrial wastes. 
15-min filmed documentary programs are telecast regularly by 270 televi- 
sion stations in the United States and some 40 stations abroad. 

Prints of these two films are available for loan from the National 


Association of Manufacturers Film Library. 


These 


They are also available 


now for sale from Arthur Lodge Productions, Ine., 21 West 46th Street, 


New York 36, N. Y., at $35 per unit. 
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Stream Pollution 


ESTIMATING THE UPTAKE OF RADIOACTIVITY IN 
STREAMS 


By EuGENE Kk. Harris 


Chief Statistician, Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio 


In 1954 a detailed report was issued 
on a survey of radioactivity (chiefly 
gross beta activity) in the Columbia 
River during the years 1951 through 
1953 (1). Much of the effort expended 
in this survey was devoted to sampling 
aquatic life (plankton, algae, inverte- 
brates, and fish) in order to measure 
the amount of radioactivity per unit 
weight of plant or animal tissue. 

Biological sampling of this sort is 
necessary to locate radioactive ma- 
terials removed from the stream by 
uptake (bioabsorption and adsorption) 
or deposition. However, such sampling 
cannot by itself provide estimates of the 
proportion of effluent radioactivity re- 
moved by these processes (as compared 
with that removed by natural decay). 
Therefore, the capacity of the stream 
to absorb the radioactivity it receives, 
cannot be estimated in this way. In 
order to make such an estimate, total 
weights of various types of biotic tissue 
in the stream would be required to ob- 
tain corrective factors for the observed 
concentrations. 

The purpose of this paper is to show 
how, by simple statistical methods, 
much information about uptake or 
deposition of radioactivity may be 
gained from examination of water 
samples alone. Findings in the Colum- 
bia River study will serve to illustrate 
the procedures. Practical application 
of these methods is limited to effluents 
containing short-lived radionuclides in 
which substantial natural decay may 
be expected during periods of flow 


measured in"hours. Such wastes may 
arise (as they did in the Columbia 
River) through neutron bombardment 
of dissolved and suspended materials 
in cooling water. 


Methods 
Basic Stream Conditions 


Radioactive effluents as cited have 
two general characteristics: (a) they 
often represent a mixture of radio- 
nuclides with differing decay rates; and 
(b) the over-all concentration of radio- 
activity varies from day to day, 
although the relative concentrations 
of specific nuclides remain fairly con- 
stant if elements normally present in 
the stream do not vary greatly. 

The first characteristic implies that 
the concentration of total activity in 
the effluent after time ¢, assuming no 
loss except through decay, may be 
written : 


C; = Coe kit ket + 


n 
+ Cone*s* = . (1) 
where Co; represents the initial con- 
centration and k; the decay rate of 
the i-th nuclide. 

This formula requires either knowl- 
edge of the relative concentrations of 
all the nuclides in the mixture 
parameters on which there may be 
incomplete information—or that, know- 
ing the number n of such nuclides, 
estimates are made of the decay rates 
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and concentrations through calcula- 
tions demanding high-speed computing 
equipment if n is greater than 4 or 5. 
Cornell (2) discussed this procedure. 
Moreover, it is commonly observec' 
that the coefficient of variation in 
day-to-day radioactivity at sampling 
points along a stream remains fairly 
stable from one point to another and 
independent of the continual reduction 
in activity with increasing times of 
flow. This implies that the variance 
of log C, will be homogeneous over 
time and independent of the mean log, 
a useful property in statistical tests. 
Clearly, Equation 1 is not suitable for 
taking logarithms. 


Average Decay Rate 


Next may be considered the average 
decay rate in a mixture of nuclides, 


recognizing that this average will 
decrease with time as the relative 


concentrations of short-lived nuclides 
become less and less. Denoting this 
decay rate function by k(r) the concen- 
tration of total radioactivity may be 
expressed as 


C, = Cen (2) 


or 


t 
log. C, = log. Co — f k(r)dr. . (3) 
0 


Et 
E log Cy — f k(r)dr. (4) 


where £ stands for the expected or 
mean value of, say, daily measure- 
ments. By virtue of the rule on 
expected values of sums or differences, 
Equation 4 holds regardless of whether 
Co and ¢ are correlated, another ad- 
vantage of the logarithmic form. Such 
correlation would arise if the input of 
radioactivity were deliberately varied 
according to changes in stream dis- 
charge rates which would affect the 
mean time of flow to a given sampling 
point. 

The theoretical difference between 
the logarithms of total activity at two 


and 


E log C, = 
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points with mean times of flow é, and 
tp from the origin, assuming no loss 
except through natural decay, is given 


hy the equation 
t2 
f k(r)dr....(5) 


Apart from any correction for dilution 
downstream, an observed difference 
significantly higher than this theoretical 
value indicates loss of activity through 
uptake or deposition in the stretch 
between the two points. Inspection 
of these differences at successive points 
downstream will indicate whether the 
longer-lived nuclides in the mixture are 
being taken up in appreciable quanti- 
ties. Long-term study may reveal 
general trends such as might occur if the 
stream possessed only a limited capacity 
to absorb radioactive materials. 


E Di(t,t:) = 


Further Steps 


The next step is to select a suitable 
form fork(r). A simple yet reasonable 
expression is provided by the modified 
exponential 


k(r) = k’ + (6) 


which is asymptotic to k’, the decay 
rate of the longest-lived nuclide in the 
mixture. Substituting Equation 6 into 
Equation 3 and integrating, 


log C, = log Co — k't 


— (c/a)(1 — e~*). . (7) 


The parameters k’, c, and a may be 
estimated from values of C,/Co (or 
()/C,) obtained by observing the 
decay in a representative water sample 
taken at the outfall of the reactor 
effluent. However, inserting these esti- 
mates into Equation 5 to determine 
loss of radioactivity through decay 
between two downstream points in- 
volves a tacit assumption, namely, 
that any uptake downstream does not 
alter the decay pattern of the effluent. 
In other words, such uptake is assumed 
to be nonselective, leaving essentially 
unchanged the relative concentrations 
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FIGURE 1.—Section of Columbia River below Hanford showing locations cf 
sampling stations and tributaries. 


of the nuclides in the water.* As 
illustrated below, this assumption may 
be checked by examining initial decay 
rates in samples taken at each of the 
downstream points. 

Returning to Equation 7 it might 
be expected that k’ would be known 
beforehand and not require estimation. 
However, unless the decay has been 
observed for a period of time approach- 
ing the half-life represented by this 
value of k’, the estimation procedure 
will yield a larger value, closer to the 
average k at the longest observed time. 
The goodness of fit of Equation 7 will 
therefore be impaired unless k’ is left 
free to be estimated from the data. 


*Some minor variation in these relative 
concentrations will occur, but these are not 
likely to affect significantly the observed decay 
pattern. 


Assuming that many, if not all, of 
the concentrations C; are measured at 
equal intervals of time, 


Yt = log, log, 
= mk’ + (1 — (8) 


Equation 8 is a modified exponential 
of the general form: y; = ao + aye". 
Recently, Cornell (2) has developed a 
new procedure for estimating the 
parameters of linear combinations of 
exponentials, of which Equation 8 is a 
simple example. Cornell’s formulas 
are applied in the next section. 

Substituting Equation 6, with esti- 
mated parameters, into Equation 5, 


E D k’ (ts ,) 
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TABLE I.—-Decay Factors, C)/C;, Measured in 
Water at Station C-362, Columbia River, 
and Estimated by Fitting Equation 7 


Co/Ce 
Estimated by Fitting Equation 7) 
lime 
hr) | Observed* 
First 9 Hourly 5-hr Datat 
Observationst | (¢ = 0,5, 10,- + -30) 


00 


0 1.00 1.00 l 
L.11 1.12 1.09 
2 1.22 1.24 1.18 
1.34 1.34 1.27 
4 | 1.44 1.43 1.36 
5 | 1.52 1.52 1.46 
6 1.61 1.61 1.55 
7 1.70 1.69 1.65 
8 1.79 1.78 1.74 
9 1.86 L.86 1.84 
LO 1.94 1.94 1.94 
15 2.40 2.40 2.45 
20 2.98 2.95 2.98 
25 3.53 3.62 3.55 
0 4.44 4.17 


* Source: Table A-1 in Reference (1). 

+ k’ = 0.04083 (17.0-hr half-life) 
ad = 0.34185 
= 0.26530 
é = 0.09069. 

t k = 0.02739 (25.3-hr half-life) 
a = 0.09178 
¢/a = 0.64725 
é = 0.05940. 


Discussion of Decay Factors 


Figure 1 outlines the appropriate 
section of the Columbia River, locating 
sampling stations and major tributary 
streams. Table I lists observed values 
of Co/C,, as reported by Robeck et al. 
(1), representing the decay in a water 
sample taken at Range C-362, a 
sampling station just below the outfall 
of the farthest downstream reactor at 
the Hanford Works. Column 3 lists 
computed values of Co/C, obtained by 
fitting Equation 8 to the hourly obser- 
1) through 10 hr (i.e., 
through ¢ = 9). Similarly, Column 4 
lists values obtained by fitting this 
equation to the observations at ¢t = 0, 
5, 10, 15, 20, 25, and 30 hr (m = 5). 
The estimates of the parameters are 
given below the respective columns. 

Cornell’s estimation procedure calls 
for dividing equally spaced observa- 


vations (m 
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tions into as many groups as there are 
parameters to be estimated. If there 
are p parameters, the total number of 
observations must be np, where n is 
the number of observations in each 
group. For the hourly observations 
through ¢t = 9, np = 9 (i.e., 9 values 
of y,) and n = 3. Taking the data at 
5-hr intervals through ¢t = 30, np = 6 
andn = 2. In the case of the modified 
exponential, y, = ao + a; e~*, the totals 
of the observations are computed for 
each of the three groups in succession. 
These are labeled S,, So, and Ss, 
respectively. The estimation formulas 
are as follows: 


| So S3 
— — log, { — 
nK — So 


where A is the interval between obser- 
vations, 


GS; — 2S. + 83)? 

Referring to Equation 8, @ is an 
estimate of mk’ and & an estimate of 

(1 — e-™). 
a 

For example, using a table of common 
logarithms, values of y, based on the 
first 10 hourly determinations (Table I) 
gave 


= 0.0453+0.0411-+-0.0407 =0.1271, 
So = 0.0313 +-0.0234+0.0250 = 0.0797, 
Ss = 0.0236 +-0.0224+ 0.0167 = 0.0627, 


4=—1/3 (2.30250 toni 
0.0474 
= 0.342, 
0.00161708 
= 30.0304) ~ 
i’ = 2.30259 4, = 0.0408 
(or a half-life of 17.0 hr), 
0.00010650 (1 —0.7105) 
a; = 0.0334, 


0.00092416 


: 
: 
3 
NUS; — 2Se + 
and 
So — S3 
GS; — Se)? fl — 
: 
ER 
i 
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and 

C 2.30259 a 

= = 0.265. 
a 
Then 


ek! t+ -at) (10) 


B (Co/C,) 


Verification of Assumptions 


Equation 1 with estimates obtained 
from the first 10 measurements of 
('o/C, shows excellent fit not only to 
these points but also to ¢ = 15 and 
20 hr. At ¢ = 25 and 30, it reveals 
an increasing divergence from the data 
as a result of too rapid a decay pattern 
produced by too high an estimate of k’, 
the ultimate decay rate. When the 
parameters are estimated from five- 
hourly data (t = 0, 5, 10,- - -30), the fit 
is seen to be very good for 10 < t < 30 
but worse for t < 10. 

Taking observations at short inter- 
vals during the early, rapidly changing 
portion of the decay curve and at 
longer intervals during the flatter 
portion of the curve is common practice. 
It is not surprising that in order to 
achieve a good fit to a multi-nuclide 
decay pattern, using a mathematical 
model based on the relatively simple 
function expressed in Equation 6, a 
separate set of parameter values is 
required for each portion of the curve. 
A practical worker might question the 
worth of fitting two mathematical 
curves to define a series of observations 
that may easily be joined with a 
smooth curve drawn by eye. The 
purpose of the model, however, is not 
merely to estimate Co/C, for a given 
time of flow. It also provides (a) a 
test of the assumption noted earlier 
that the decay pattern in the outfall 
satisfactorily represents the natural 
decay occurring downstream (i.e., a 
test for selectivity of uptake) and (b) 
a ready means of measuring long-term 
variations in the effluent mixture 
through variation in the parameters 
kh’, a, and ¢ as estimated from, say, 10-hr 
decay patterns observed at weekly or 
monthly intervals. 
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Test for Selectivity of Uptake 


Before proceeding to estimate the 
uptake of radioactivity in the Columbia 
River, it is well to check this assump- 
tion concerning the representativeness 
of the decay pattern at the initial 
sampling point, Station C-362. For- 
tunately, decay factors C»o/C, were 
determined from samples at each down- 
stream station except C-306. For each 
such sample, only the decay rate at 
zero time, the time of collection, is of 
interest. This value, say ko, will then 
be compared with k(t) obtained from 
Equation 6 using the data at Station 
C-362 and substituting for 7 the 
average time of flow from C-362 to the 
given downstream station. 

Estimates of ko may be obtained by 
fitting the single-nuclide function, k(r) 
= ko, or Co/C, = e** to the first few 
hours’ decay at stations below C-362. 
This simple formula described very 
well the observed decay through the 
first 10 hr at these stations. Estimates 
of ko were derived from the least- 
squares equation, 

10 
tx, 
ko = 2.30259 | 


where x, denotes logio Co/C:. 

Table II lists these values of ko by 
station together with k(t)-values ob- 
tained from Equation 6, using in some 
cases the two sets of estimates of the 
parameters: Set 1 based on hourly 
decay factors at Station C-362, and 
Set 2 based on factors measured at 
5-hr intervals (see Columns 3 and 4 of 
Table I). 


Goodness of Fit 


This tabulation indicates that Equa- 
tion 6, fitted to decay factors measured 
at Station C-362, represents fairly well 
the actual downstream decay provided 
suitable estimates are used for the 
parameters: Set 1 for times of flow of 
less than 10 hr, and Set 2 for those 
greater than 10 hr. This agrees in 
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TABLE I1.-—Comparison of Initial Decay Rates Observed at Downstream Stations and 


Estimated Rates from Decay Pattern at Outfall (Station C-362) 


Mean Time of Flow 
from C-362 During 


Estimated Rate, k(t), 
3ased on: 


Sts Initial Decay Rate, 
station Sept.-May ke —- - - 
(hr) | Hourly Decay Factors | 5-hr Decay Factors 
C-339 7.5 0.050 0.048 0.057 
C-330 10.8 0.048 0.043 0.049 
C-326 12.5 0.045 0.042 0.046 
-316 17.5 0.037 - 0.039 
C-306 22.5 no data 0.035 
C-278 35.5 0.026 0.030 


general with the goodness of fit noted 
in Table I. 

More specifically, this analysis has 
not detected any significant selectivity 
in uptake during the first 30 to 35 hr 
of effluent time of flow from Station 
C-362. Of course, the possibility can- 
not be entirely ruled out that a certain 
amount of selection may have occurred 
with respect to some relatively long- 
lived nuclide, such as P®, present in 
the effluent to a very small extent 
less than 2 per cent in the case of P®, 
according to Robeck et al. (1)). Such 
a situation would reveal itself more 
clearly at stations farther downstream, 
and this may explain the slight, but 
noticeable, divergence between calcu- 
lated k(t) and observed ko at Station 
C-316 and below. 


Other Discussion 


It should be pointed out that calcu- 
lation of k(t) for Station C-278 involves 
an extrapolation of Equation 6 beyond 
the range of the decay pattern from 
which its parameters were estimated. 
Such extrapolation may be expected to 
reveal some upward bias in the estimate 
of k’, explaining, in part at least, the 
deviation between k(t) and ko at this 
station. In any this deviation 
produces only a negligible difference in 
the estimated activity lost through 
decay. It is a reminder, however, that 
for reliable prediction the effluent decay 
pattern should be observed at least as 
long as the 
interest downstream. 


case, 


time 


longest 


of flow of 


When substantial selectivity in up- 
take or deposition is found between 
two sampling stations, theoretical decay 
is difficult to estimate because the 
relative concentrations have been 
changing continually through the inter- 
val. One method might be to average 
the estimate obtained from the decay 
pattern at the first station with 
that based on the decay observed 
at the second station. The existence 
of selective uptake farther downstream 
must then be tested by referral to the 
latter decay pattern. Of course, any 
such additional downstream selectivity 
would necessarily be of a new type, 
and it seems unlikely that a succession 
of different types of selective absorp- 
tion of radioactivity actually occurs 
in practice. In most situations, once 
the over-all process has been revealed 
through pilot study of effluent and 
downstream decay patterns, it should 
not be necessary to determine such 
patterns routinely at more than one 
downstream station. 


Estimating Uptake During the 
Columbia River Survey 


Turning now to the activity observed 
in Columbia River water, it was first 
desirable to separate data collected 
during the period of September 1 to 
May 1 from those collected during May 
through August. In the former season, 
discharge rates in the Columbia River 
remained at an almost constant level 
of 80,000 cfs. Starting in May, these 
rates rose sharply to a peak of close to 
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100,000 efs and then gradually declined 
to their former level. In addition, 
mixing was not yet complete at the 
“initial” station, C-362, as evidenced 
in the report by declining activity 
levels farther across the river than 800 
ft from the left (effluent) shore, facing 
upstream. At downstream Stations 
C-339, C-330, and C-326, activity 
levels were uniform across the stream. 
To eliminate bias due to incomplete 
mixing, results across the stream should 
be averaged at each of these four 
stations. However, at Station C-362, 
an unweighted average, which assumes 
that the volume of water discharged 
was constant across the stream, would 
underestimate the effluent activity, 
since the bulk of the water is known 
to pass closer to the left shore. As a 
compromise, declining weights (1.0, 
0.8, 0.6, 0.4, and 0.2) have been applied 
to the results at the five sampling 
locations of Station C-362 in order of 
increasing distance from the left shore. 
At C-339, C-330, and C-326, where 
mixing was essentially complete, the 
problem of varying discharges across 
the stream is not important to this 
analysis. 


Tributary Streams Effects 


Tributary streams, in this case the 
Yakima and Snake Rivers, may present 
additional complications. Both these 
streams were essentially free of radio- 
activity during .the survey period. 
The Yakima River joins the Columbia 
River below Station C-339 (Richland, 
Wash.) and adds about 5 per cent 
dilution. On this account all activity 
levels at Station C-330 and below 
should be adjusted by dividing by 0.95. 

The effect of the Snake River is 
more difficult to deal with. This 
stream joins the Columbia River just 
below Station C-326, but rather than 
immediately mixing with the latter, it 
appears to push Columbia River water 
toward the left shore. During the low 
flow season (September to May), 
activity densities at Station C-316 
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showed little variation with distance 
up to 1,500 ft from this shore. Beyond 
this point activity levels dvopped off 
sharply. Therefore, it was assumed 
that for these months average densities 
at this station measured through 1,500 
ft were not affected by dilution from 
the Snake River. 

During the high flow season at 
Station C-316, mixing of Snake River 
and Columbia River waters occurred 
to a greater extent, although there was 
again a decline in activity beyond 1,500 
ft from the left shore. A 7-per cent 
factor, assigned to the average density 
through 1,500 ft at Station C-316 
during the May to September season 
seemed reasonable to account for dilu- 
tion at this point by the Snake River. 
This factor was indicated by the data 
at this station taken in conjunction 
with an approximate one-third dilu- 
tion provided by the Snake River in 
summer at Station C-278 where the 
two streams were completely mixed. 

By the time Station C-306 was 
reached considerable mixing of the 
rivers had occurred. However, at this 
station only five activity measurements 
were made beyond 1,400 ft from the 
left shore. Rather than attempt some 
estimate of average density across the 


entire river from insufficient data, 
Station C-306 was not included in the 
calculations. 


As mentioned above, mixing was 
complete at Station C-278. Discharge 
rates cited in the survey report (1) 
indicated an average of 20 per cent 
dilution by the} Snake River from 
September to May and one-third during 
the summer months. 


Gross Beta Activities 


Tables III and [IV summarize gross 
beta activities in the Columbia River 
during two seasons: (a) September 1951 
to May 1, 1952; September 1952 to 
March 1953, and (b) May 2 through 
August 1952. Comparison of Columns 
5 and 8 in Table III, and Columns 4 
and 7 in Table IV reveals that the 
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TABLE III. 


Number 
Samples 


(3) 


\ 


Station® 


Distances from Left Shore (ft) 
1) 2 


100,800, 1000, 1300, 1600 7§ 
100,500, 1000, 1500, 1900 
200,500, 1000, 1500,2000 
200,500, 1500,2200 

100, 1000, 1500 

500, 1000, 1500 


161 
151 
149 
116 
78 
56 


C'-362 
C-339 
('-330 
C-326 
C-316 
C-278 


} 2 


2 


If 


* Number indicates miles from mouth of the Columbia River. 


» Weighted as described in text. 
° Adjusted for 5 per cent dilution by Yakima 
4 Adjusted for 20 per cent dilution by Snake 


logarithmic transformation has largely 
stabilized the variation in activity, al- 
though more successfully in the winter 
season when the coefficient of variation 
showed greater constancy. 


Uptake During Winter 


Mean times of flow during September 
to May from Station C-362 to each of 
the downstream sampling points have 
been estimated from curves published 
in the report (1). They are based on 
a mean discharge rate of 80,000 cfs 
the Snake River and 100,000 
cfs below. Table V lists those times 
of flow together with observed differ- 
ences in mean log; activity between 
Also included are 


above 


successive stations. 


TABLE IV.--Statistics on Radioactivity (G 
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Statistics on Radioactivity (Gross Beta X 10~* uc/ml) Observed September 


by Station 


| 
| Standard 
Deviation 
of Log 
Activity 
(8) 


Mean 
etivity 


Mean 
Logic 
Activity 
(7) 


| Standard 

Deviation 

of Density 
5) 


Coefficient of | 
Variation 
(6) = x 


(5) / (4) “0 


0.155 
0.134 
0.133 
402 0.147 
2.248 | 0.135 
996° 0.163 


2.492 
369° 


| 281.7 
101.3 


69.5 


$3.8° 
30.5° 


5.3.4 


River. 
River. 


theoretical differences, assuming no loss 
through uptake or deposition, obtained 
from Equation 9. For reasons given 
in earlier discussion the estimates used 
in this equation were based on hourly 
decay factors when applied to times of 
flow of less than 10 hr and 5-hr factors 
for longer flowtimes. 

Judging from Table V, significant 
uptake of radioactivity occurred during 
the September to May seasons of the 
survey between Stations C-362 and 

'-330 but not farther downstream. 
Undoubtedly, some uptake did occur 
below these points since samples of 
plankton and algae taken at the other 
stations showed activity. (The Colum- 
bia River report (1) indicates that 
direct uptake of radioactivity from the 


ross Beta X 10-* uc ml) Observed May 2 to 


August 31 (1952) in Columbia River Survey, by Station 


Standard 
Deviation 
of Der 


Number of 


Samples 
>) 


Station® 


| 
Mean Activity | 
| 


sity 


2 


Den 
3) 


((-362 
©-330 
C-326 
C-316 
C-278 


70 
70 
15 
18 
30 


15 


315.09 

107.9 

108.6° 
96.6° 
81.3°4 
46.1° 


* Number indicates miles from mouth of the 
’ Weighted as described in text. 


Standard 
Deviation of 
Log Activity 


7) 


Mean Log 
Activity 


Coefficient” 
Variatio 
4) 


n 
2.421> 
2.002 
2.010° 
1.970° 
1.854°" 
1.640°° 


0.214 
0.172 
0.152 
0.120 
0.266 


A 0.163 


Columbia River 


Adjusted for 5 per cent dilution by Yakima River. 
! Adjusted for 7 per cent dilution by Snake River. 
> Adjusted for 33.33 per cent dilution by Snake River. 


ess 1 to May 1 (1951-1953) in Columbia River Survey, 
= 
| 165.2 52.3 
39.2 36.3 
10.0 37.7 
26.8° 27.8 
40.2 
= 14.38 31 
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RADIOACTIVITY IN STREAMS 


TABLE V.—Comparison of Observed and Theoretical* Differences in Mean Log, 
Radioactivity Between Successive Stations on Columbia River, 
September 1 to May 1 (1951-1953) 


| Mean Time of Flow 


Station from C Activity? 
C-339 | 7.5 2.492 
C-330 | 10.8 2.369 
C-326 | 12.5 2.340 
C-316 17.5 2.248 
C-278 35.5 1.996 


— | : 


+ From Table III, Column 7. 


Mean 


Observed Difference in 
Mean Activity 
Between Successive 

Stations 


| Theoretical Difference 
from Equation 9 


0.371 + 0.016f 0.239 
0.123 + 0.016 0.076 
0.029 + 0.018 0.035 
0.092 + 0.021 0.092 
0.252 + 0.026 0.260 


* Assuming no loss of radioactivity except through decay. 


t Standard error of mean difference, based on numbers of observations and average standard 


deviation given in Table III, Columns (3) and (8), respectively. 


water was due almost entirely to 
absorption by plankton and algae, 
bottom organisms and fish generally 
gaining their activity indirectly through 
the food chain.) Apparently, however, 
below Station C-330 such uptake was 
negligible relative to the density of 
activity in the water. 

Each difference listed in Table V 
represents the ratio of a geometric 
mean concentration at one station to 


TABLE VI.—Comparison of Observed and Theoretical* Differences in Mean Log,, 
Radioactivity Between Successive Stations on Columbia River, 


a similar mean at the next station 
downstream. Starting with an ob- 
served geometric mean activity of 
730 X ywe/ml at Station C-362, 
theoretical means at the other stations, 
assuming no loss except through decay, 
may be calculated and compared with 
observed values. For example, it may 
be shown that loss through uptake and 
deposition between Stations C-362 and 
C-339 amounted to an estimated 110 


May through August (1952) 


Mean Time of Flow 


Station from C-362 Activityt 

«| 2.421 
C-339 5.1 2.002 
C-330 7.8 2.010 
C-326 9.2 1.970 
C-316 12.0 1.854 
C-278 23.3 1.640 


Mean Logio 


Observed Difference in 
Mean Logio Activity 
Between Successive 

Stations 


| Theoretical Difference 
from Equation 9 


0.419 + 0.030T 0.185 
—0.008 + 0.034 0.060 
0.040 + 0.057 0.028 
0.116 + 0.042 0.061 
0.214 + 0.057 0.195 


* Assuming no loss of radioactivity except through decay. 


+ From Table IV, Column 6. 


t Standard error of mean difference, based on numbers of observations and average standard 


deviation, given in Table ITV, Columns (3) and (8), respectively. 


a 
| 
| | 
Bo. 
| 
: 
| 
| 


x 10-* wc/ml or 26 per cent of the 
entire reduction between these two 
stations. 


Uptake During Summer 


Similar calculations have been per- 
formed with respect to the observations 
of May to September 1952. Results 
are listed in Table VI. Average times 
of flow were again derived from the 
Columbia River report (1), based on 
discharge rates of 225,000 cfs above 
the Snake River and 350,000 cfs below. 
The former is a weighted average ar- 
rived at with the help of the report; the 
latter assumes an average contribution 
of 125,000 cfs from the Snake River 
during this season. 

Again, the largest uptake of activity 
occurred between Stations C-362 and 
C-339, accounting, on the average, for 
71 X 10-8 ue/ml, or 44 per cent of the 
total reduction in this area of the river. 

Interestingly, the geometric 
density of activity in plankton and 
algae at Station C-339 during the 
high-flow, summer months was about 
one-fourth the density in fall and winter 
months (1). Tables V and VI, how- 
ever, indicate an average uptake be- 
tween C-362 and C-339 two-thirds 
(71/110) as great during the summer 
season. Presumably, this difference in 
results—one based on direct examina- 
tion of plankton and algae, the other 
on inference from the water—was due 
simply to greater populations of these 
organisms in late spring and summer. 

Obviously, good hydrographic data 
are essential to a meaningful application 
of the methods discussed here. The 
importance of such data in 


mean 


general 
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stream surveys for radioactivity has 
been emphasized by Tsivoglou et al. (3). 


Summary 


Assuming a mixture of radionuclides 
emitted into a stream, the proportion 
of activity lost through uptake or 
deposition between two downstream 
sampling stations may be estimated by 
comparing observed activity densities 
at such points with those expected 
from natural decay alone. The latter 
estimated from a mathematical 
model fitted to decay factors measured 
in water representative of the outfall. 
Selective uptake or deposition which 
alters the relative concentrations of the 
nuclides significantly may be detected 
by comparing initial average decay 
rates observed at downstream stations 
with average decay rates predicted for 
these stations from the model fitted to 
the outfall sample. Data from a sur- 
vey of radioactivity in the Columbia 
River (1) during 1951-53 are used to 
illustrate the procedures. 


are 
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THE OPERATOR’S CORNER 


1958 OPERATORS’ FORUM * 
I. INTRODUCTION 


By Davin P. BAcKMeEyer, Presiding Officer 


Superintendent, Sewage Treatment Plant, Miami, Fla. 


In planning the Operators’ Forum 
for this year, a special effort was made 
to select subjects which would be of 
particular interest to those of us ac- 
tively engaged in plant operation. 
Letters were sent to 84 plant operators 
located in 27 different states request- 
ing that two subjects not concerned 
with plant maintenance be listed as 
topics for discussion. The response 
was very gratifying. Replies contain- 
ing 108 subjects for discussion were re- 
ceived from 54 operators. 

Subject interest was centered in 
sludge digestion, sludge disposal, skim- 
mings and scum removal and final dis- 


posal, sewage sampling, and treatment 
plant operator certification. 

During the time allotted for the 
Forum, Hugh A. Schreiber, Superin- 
tendent, Washington, D. C., Sewage 
Treatment Plant, will lead the discus- 
sion on ‘‘Control of Digester Secum— 
Gas Circulation and Mechanical Mix- 
ing,’’ and Roger D. Lee, Superin- 
tendent, Sewage Treatment Division, 
Wichita, Kans., will lead the discussion 
on the subject, ‘‘Grease and Skim- 
mings Removal, Handling, and Dis- 
posal.’” Thomas T. Hay, Superintend- 
ent, Sewage Disposal Plant, Racine, 
Wis., will be the leader of the discus- 
sion on ‘‘Operator Certification.’’ + 


II. SCUM CONTROL AND HIGH-RATE DIGESTION 
AT THE DISTRICT OF COLUMBIA 


By A. SCHREIBER 


Superintendent, Sewage Treatment Plant, Washington, D. C. 


In an effort to close the gap between 
available finances and municipal needs, 
a worthy goal is to make better use of 

*In part from the transcript, 3lst Annual 
Meeting, Federation of Sewage and Industrial 
Wastes Assns.; Detroit, Mich.; Oct. 6-9, 1958. 


existing facilities by developing higher 
degrees of control and more efficient 
methods of operation. Thus, capacities 


+t The panel discussion on certification be 
gins on p. 607 of the May 1959 issue of THs 
JOURNAL. 
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730 SEWAGE AND 
may sometimes be increased without 
adding new structures. 

One phase of sewage treatment that 
lends itself readily to this reasoning is 
the anaerobie digestion process. Pro- 
ponents of sludge digestion consider 
this process a necessity for efficient, 
continuous, nuisance-free sewage treat 
ment plant operation. Even the skep- 
tic sees in sludge digestion an oppor- 
tunity to, in some cases, increase plant 
capacity by the addition of a few re- 

which may result in sub- 
savings both in time and 


finements 
stantial 
money. 

One purpose of this Forum is to dis- 
cuss methods of increasing capacities 
of digesters without increasing their 
physical size. For this discussion su- 
perintendents and operators familiar 
with various types of equipment used 
to serve this end have been invited to 
discuss the merits of their respective 
After a brief presentation 
dealing with four principal types of 
equipment, this Forum will be open to 
comments from the floor, at which time 
those interested may express their views 
as to the relative merits of or experi- 
ence with the various systems. 

As an introduction, a few comments 
on digester loading and the current and 
future plans for the Washington, D. C., 
the 
present time the plant is hampered by 


systems. 


plant may be appropriate. At 
inadequate heating and excessive quan 
The 
plant expansion program now under- 
will result 
equipment for four types of scum con- 


tities of trash in the raw sludge. 


way in the installation of 
trol and high-rate digestion processes 
tanks together 
needed in 


in four different with 


the equipment connection 
with the planned evaluation program. 
[t is recognized that such an evaluation 
may require considerable time. 

into methods of in 


iy r 
going 


Before 
creasing digester loadings, it may be 


well to review the conditions necessary 
Influent sludge 


for high-rate digestion. 
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must be free of trash so that the di- 
gester contents can be maintained in 
an homogeneous state; there must be 
adequate heating capacity; and raw 
sludge must be of high solids content. 
The latter may be accomplished either 
by pumping thick sludge directly from 
the primary settling tanks, or in the 
case of secondary treatment, by having 
thickening tanks ahead of the digestion 
In addition, digested-sludge 
concentrating tanks must be provided 
the increased loading affords 
sufficient saving in digester volume so 
as to free some digester capacity for 
this work. This need arises because in 
high-rate digestion there is no super- 
natant and a means must be provided 
to concentrate the digested sludge in 
order to attain a sufficiently high solids 
content for efficient operation of vac- 
uum filters or drying beds. 

One method of reducing scum and 
increasing digester loading is by gas 
recireulation.* In this application, the 
gas developed by digestion is with- 
drawn from the digester, compressed, 
and discharged at an elevation below 
the liquid level in the digester. The 
number of discharge points and the 
distance below the liquid surface may 
vary considerably. In general, the 
submergence of the discharge pipes and 
the spacing of the pipes are such as to 
get practically complete disturbance of 
the surface of the tank. The released 
gas lift which 
turbulence on the surface to break up 
the at the 
same time, a more intimate mixing of 


process. 


unless 


gas acts as a causes 


scum accumulation and, 
the raw and partially digested sludge. 

Some plants utilizing high-rate di- 
gestion have suceessfully used sus- 
pended solids loadings of 530 Ib /day 
1,000 eu ft of digester volume. For the 
District of Columbia the board of engi- 
neers has estimated permissible load- 


ings at about one-half that amount. 


* P.F.T.—Pearth System of the 
Flush Tank Co., Chieago, Ml. 
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Ill. SCUM CONTROL AND HIGH-RATE DIGESTION 
AT COLUMBUS, OHIO 


By JAMes H. BLopGett 


Sewage Treatment Manager, Columbus, Ohio 


Full-seale application of high-rate 
sludge digestion was begun in Colum- 
bus, Ohio, during May 1953 and has 
been in operation more or less continu- 
ously since then. This system employs 
gas recirculation * to accelerate diges- 
tion. The sludge being digested is a 
mixture of raw and excess activated 
sludge. 

Solids loadings have averaged 300 
lb/day/1,000 cu ft of tank volume. 
This loading is based on the total tank 
volume with no allowance for either di- 
gested-sludge storage or scum-occupied 
volume. 

Except for short periods of shut- 
down to change gas diffusion elements 
and replace compressor parts, there 
have been few interruptions in the 
processing of sludge in the single di- 
gester equipped with this system. 

It was originally intended, when the 
process was started, to activate the tank 
contents with recirculated gas during 
part of each day and then allow qui- 
escent periods to separate the solids 
from the supernatant. It was found, 
however, that no such separation oc- 
curred and that a heavy scum quickly 
formed on the liquid surface during 
the quiescent periods. It also devel- 
oped that the solids content of the di- 
gested sludge as removed was slightly 
lower than that of the raw sludge. 

These conditions were due appar- 
ently to gas entrainment in the sludge 
particles. Resumption of gas recircu- 
lation very effectively eliminated the 
scum blanket, but the digested sludge’s 
solids content still remained slightly 
below that of the raw sludge added. 
It was concluded that the use of a 


* Catalytic Reduction Process of the Chi- 
cago Pump Co., Chicago, Tl. 


secondary digester or concentration 
tank would result in a heavier digested 
sludge. The anticipated scum problem 
had to be taken into consideration so 
an adjacent tank was slightly modified 
for this purpose. In this tank the 
original raw sludge inlet pipe was con- 
nected to the suction side of a circu- 
lating pump located in the adjacent 
pipe gallery. In common therewith a 
connection was made to the digested- 
sludge drawoff line from the primary 
digester in which the accelerated proc- 
ess is Operated. By means of a valv- 
ing arrangement either digested sludge 
from the primary tank or intermediate 
liquor from the secondary may be ad- 
mitted to the pump. The discharge 
from this pump is through a pipe 
located above the liquid level of the 
ing arrangement either digested sludge 
secondary tank. This pipe slopes down- 
ward at an angle of approximately 45° 
and is directed tangential to and 
roughly one-eighth of the tank diam- 
eter in from the tank wall. 

The sludge pumped to the tank 
through this system imparts a meas- 
urable rotating motion to the top sur- 
face, thus moving the scum blanket 
under the sludge discharge pipe and 
effectively breaking it up. This scheme 
has been successful in reducing the 
thickness of a dry scum blanket from 
4 or 5 ft to a foot or less in one 48-hr 
recirculation period. 

The normal daily quantity of di- 
gested sludge transferred to the sec- 
ondary tank is sufficient to keep the 
scum blanket under control for about 
a week; then it becomes necessary to 
operate the recirculation pump for a 
day or two to reduce the seum thick- 
ness to a satisfactory level. 

There is no serious seum problem in 
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the primary tank because gas is re- 
circulated continuously. Occasionally, 
t to 12 in. of scum forms next to the 
tank wall, the width of the blanket be- 
ing about 5 or 6 ft. Analyses of the 
scum which forms in the secondary 
tank show that its solids content ranges 
from 380 to 50 per cent and that from 
60 to 90 per cent of the solids are 
volatile. 

Steps are now under way to con- 
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struct a pilot plant to study ways of 
removing scum for direct incineration. 
Such a procedure would save the cost 
of conditioning and filtering scum as a 
liquid. Indications are that from 25 to 
50 per cent of the solids from high- 
rate digestion can be disposed of by 
direct incineration and that sufficient 
heat ean be recovered to eliminate the 
need for auxiliary fuel used in burning 
the balance of the solids. 


IV. MECHANICAL MIXING OF DIGESTING SLUDGE 
AT ATLANTA, GEORGIA 


By Van P. ENLOE 


Superintendent of Sewage Treatment Plant, Atlanta, Ga. 


Mr. Paul J. Cerny made this pene- 
trating statement in his article, ‘‘Sludge 
Digestion Can Be Improved,’’ pub- 
lished in the October 1956 issue of 
Civil Enginecering— ‘How frequently 
does a structure designed and equipped 
as a digester, turn out to be a combina- 


tion unit providing immense storage 
capacity for scum, silt, dead sludge, 


and dirty water? Within this a small 
heart works frantically as a high rate 
digester. And does an excellent job.’’ 

Report after report gives us informa- 
tion on the reduction in size of grit 
collection equipment, sedimentation 
tanks, trickling filters, and other treat- 
ment units, yet sanitary engineers are 
calling for more eapacity for heated 
separate sludge digestion units. Why? 

Atlanta, in 1937, built four two-stage 
digesters at the R. M. Clayton Sewage 
Treatment Plant. These digesters, 90 
ft in diameter, were designed for a 
total sludge capacity of 1.65 eu ft/eap, 
with 0.85 cu ft/cap provided in the two 
primary tanks. Their mixing and 
heating equipment consists of six tur- 
bine-type mixers and six heating coils 
equally spaced around the mid-section 
of the tanks. 

Our experience with these digesters 
has been that a mound of silt, grit, and 
dead sludge builds up around the base 


bearings of the mixers to depths of 
from 6 to 8 ft. Rags and trash build 
up around the impellers and impeller 
shafts, overloading the driving motors 
and making the impeller blades inef- 
fective in their operation. An area 
extending 10 to 12 ft inward from the 
walls also accumulates silt, grit, and 
dead sludge to depths of from 8 to 10 
ft. A heavy scum layer forms on the 
surface but is apparently broken up in 
the area immediately adjacent to the 
mixers. 

This leaves a ‘‘heart’’ of high-rate 
digestion—and it has been doing a 
pretty good job between times of de- 
watering for cleaning, renewing shaft 
bearings, and repairing heating lines. 

The other plants in Atlanta have coil- 
heated digesters and are not equipped 
with stirring equipment. Nevertheless, 
they perform in a similar way, i.e., 
they show a buildup of silt and dead 
sludge on the bottom, a scum layer on 
the top, and a ‘‘heart’’ of high-rate 
digestion. 

If these conditions are commonplace, 
why can’t a digester be designed to be: 
(a) the size of the ‘‘heart’’; (b) so 
shaped and mechanically activated that 
all settleable solids, silt, and grit will 
be kept in motion until removed; (c) 
properly heated to obtain good diges- 
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tion; and (d) able to keep seum forma- 
tion at a minimum, with mixing equip- 
ment arranged to keep the remaining 
scum submerged and thus moving out 
with the digested sludge ? 


Aurora’s contribution to this Forum 
is a brief report on a year’s experience 
with a new approach to gas recireula- 
tion in digesters. 

The gas recirculation equipment * 
used at Aurora consists of three gas- 
lift pumps located at the center of the 
digester. The lift tubes are 16 in. in 
diameter and 14 ft long. The upper 
ends of these tubes are welded into a 
circular discharge pan 3 ft 8 in. in 
diameter and 1 ft deep. This assembly 
is supported by an angle framework 
which is welded to the underside of 
the cover on the digester gas dome. 
The whole apparatus was lowered into 
the digester with a crane and without 
disturbing the digester contents. The 
apparatus was so positioned that the 
lip of the discharge pan is about 2.5 ft 
below the underside of the digester 
roof, 

Gas is introduced to the lift tubes 
through three 2-in. stainless steel pipes. 
The lower end of each pipe is closed 
with a flat plate above which are 
four diffusion orifices. The orifices are 
sized so that each pipe will deliver 33 
cfm at 5 psi. Each gas pipe enters the 
digester through a 6-in. tube which 
passes through the gas dome cover. 
The 6-in. tubes extend well below the 
tank liquid level to form a gas seal. 
This arrangement permits the 2-in. gas 
pipes to be withdrawn for inspection 
and cleaning. 

Each lift tube has a capacity of 3,300 
gpm. Thus 10,000 gpm of sludge can 
*Gaslifter unit of Walker Process Equip- 
ment, Ine., Aurora, Ill. 
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V. GAS RECIRCULATION AT AURORA, ILLINOIS 


By WALTER A. SPERRY 


Superintendent, Aurora Sanitary District, Aurora, Il. 
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It is believed the use of newly de 


signed, non-clogging mechanical stir- 
rers, together with properly shaped 
digester bottoms, will result in much 
improved digester operation. 


be circulated. The contents of the 
40,000-cu ft digester are turned over 
about once every 30 min. The flow 
sweeps across the digester floor to the 
16-in. draft tubes and then upward to 
the discharge pan. 

The gas is compressed by a 250-cfm 
compressor powered by a 10-hp motor. 
The compressor output has been re- 
duced to 100 cfm and the actual power 
requirement is 4.8 hp. 


Results 


In 1956 two identical 40,000-cu ft 
digesters were built at the Aurora 
plant. They are 50 ft square with a 
16-ft side wall depth and the floors 
have a 1 on 6 slope to a central sump. 
The units have a flat-roof fixed cover. 
They are heated by an outside heat 
exchanger and are maintained at about 
95°F. 

Gas recirculation in Digester 1 began 
on Oct. 1, 1957. For the first three 
months of operation Digester 2 (not re- 
circulated) was operated in parallel 
for comparative purposes. Average 
daily results for this three-month pe- 
riod are shown in Table I. 

Beginning Jan. 1, 1958, recirculated 
Digester 1 was operated without refer- 
ence to a control unit. Through Aug. 
1958 it received nearly all of the pri- 
mary sludge produced in an effort to 
evaluate performance under increased 
loadings. Between Jan. 1 and Sept. 1, 
10 sampling runs were made. The re- 
sults from these runs are summarized 
in Table If. Also shown in Table I] 
are the results from four runs when 
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TABLE I.--Summary of Three-Months’ 

Operating Results from a Recirculated 
and a Non-Recirculated Digester 


rester 2 
Digester 1 Digester 2 


|| 
rs, raw sludge b) 5.0 4.9 
VS (as % of TS) 65.6 67.3 
I'S loading (Ib/day/1,000 cu ft) 80.0 77.8 
VS loading (Ib/day/1,000 eu ft 53.5 514 
Gas produced (cu ft/lb of VS 
fed) &.8 6.9 
(ias | juced 1 ft/lb of VS 
de yed) 16.3 12.4 
VS, transfer sludge (as [% of | 
CS, digested sludge) 48.4 | 47.4 
TABLE Il.-Summary of Operating Results 
under Increased Digester Loading 
Digester 1 Digester 1 
Item (avg o (avg of 
10 runs) 4 runs*) 
raw sludge b) 4.4 4.9 
VS (as % of TS 64.5 64.4 
I'S loading (lb/day/1,000 ecu ft) | 166 205 
VS loading (Ib/day/1,000 eu ft) | 107 134 
Gas produced (cu ft/lb of Vs | 
fed) 9.0 
Gas produced (cu 
destroyed) 15.6 
VS, transfer sludge (as ‘; 
I's, digested slud 47.7 


* Four runs during which the lo: iit was the 
highest. 


the total solids loading was equal to or 
greater than 200 lb/day/1,000 cu ft. 
Additional operating data collected 
during the remainder of 1958 confirm 


the results reported for these four 
runs. For the 14-month period be- 
tween Nov. 1957 and Jan. 1959 (the 
period of gas recirculation) over-all 


gas production was 8.8 eu ft/lb of VS 
added. 

Numerous samples have been col- 
lected at various digester locations and 
the results show the contents to be well 
mixed except for a fillet of scum at the 
intersection of the and 
walls. The results of from 


roof the side 


25 to 30 
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tests showed the total solids content to 
range from 3 to 7 per cent. The 7-per 
vent value applied to samples collected 
at the intersection of roof and wall; at 
all other points the solids content aver- 
aged between 38 and 4 per cent. 

The settling quality of the transfer 
sludge excellent. The volatile 
content is below 50 per cent and the 
supernatant liquor is clear and free 
from settleable solids. About 50 per 
cent of the solids settle in 30 min leav- 
ing a clear supernatant of 0.16 per cent 
total solids and only 35 mg/l of sus- 
pended solids. 

The increase in gas production in the 
recirculated digester is probably due 
to the intimate mixing of the digesting 
and raw sludge and to the further and 
important fact that the whole volume 
of the digester is brought into action. 
In digesters mixed intermittently by 
means of sludge recirculation pumps 
there is likely to be only a central 
‘football-shaped’’ zone of activity. 
Much of the incoming sludge is held in 
inactive zones in the bottom, under the 
roof, and along the walls. 

On July 1, 1958, the skimmings from 
the clarifiers were repiped to Digester 
1, the recirculated unit. Formerly, 
this material was pumped to Digester 
4 which is not recirculated. This older 
method of disposal had long been an 


seems 


intolerable nuisance, 
the skimmings to form 
heavy scum layers which at times made 


mostly due to the 
tendency of 


the addition of the daily accumulation 
almost This 
skimmings handling may prove 


impossible. change in 
to be 
the most important operational change 


made at Aurora in many years. 


Floor Discussion 


Clair N. Sawyer, Associate, Metcalf 
and Eddy, Boston, Mass.:—I would 
like to ask whether any of the members 
of the panel have experienced separa- 
tion of grit in the primary digesters 
caused by gas recirculation, and if so, 


how this particular situation was han- 
dled? Then, I would also like to ask a 
question of Mr. Sperry regarding the 
supernatant liquor. I believe it was 
indicated that the volatile fraction of 
the transfer sludge was about the same 
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whether or not gas recirculation took 
place. I believe you also showed con- 
siderably lower gas production in terms 
of gas produced per pound of volatile 
matter destroyed in the unmixed di- 
gester. Now, if the volatile solids are 
destroyed they have to appear either 
in the form of gas or in the form of 
soluble material in the supernatant 
liquor which, of course, would suggest 
a much higher BOD for the super- 
natant from the unmixed digester. I 
was wondering if you have any infor- 
mation on the BOD of the supernatant 
from both the mixed and unmixed 
units ? 

Mr. Blodgett :—Well, 1 do not have 
any mounds of grit in my digester but 
we did have mounds of grit in the un- 
circulated digester. Strangely, we do 
not have any grit in the circulated unit. 
Of course, we have got a pretty good 
grit removal unit now. 

Mr. Sperry:—I am sorry that that 
matter of the quantity of BOD in the 
supernatant liquor had not oecurred to 
us. As I stated in my first remarks, 
the supernatant was of such excellent 
character that we passed over the mat- 
ter of BOD. We will have to look 
into it. 

Dr. Sawyer :—Thank you, Mr. Sperry. 
I think that an important point is in- 
volved here; one that may represent an 
important advantage of high-rate di- 
gestion that has not been brought into 
the picture. I have missed this point 
myself and I was hoping someone 
would be able to add information that 
is needed. 

W. W. Mathews, Superintendent, 
Gary Sanitary District, Gary, Ind.:— 
What is the range of the per cent solids 
that you add to your digesters? 

Mr. Blodgett :—Our raw sludge con- 
centration is about 7 or 8 per cent. 
Digested sludge from the secondary 
tank runs around 8 or 9 per cent 
solids. 

Mr. Mathews:—Do you attempt to 
carry say 5 or 6 per cent solids in the 
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digesters or doesn’t the concentration 
make any difference? 

Mr. Blodgett:—It doesn’t seem to 
make any difference. We take what- 
ever we get; we try to get the sludge 
as heavy as possible. 

Mr. Enloe:—We pump to our di- 
gesters from the primary clarifiers. We 
try to keep at least 4 per cent solids 
going to the digesters and we regulate 
our pumping schedule to accomplish 
this. As a rule we draw from the sec- 
ondary digesters sludge having from 
9 to 10 per cent solids. 

T. R. Haseltine, Partner, Chester 
Engineers, Pittsburgh, Pa.:—lf I un- 
derstand Mr. Blodgett correctly, he 
has indicated that when he transfers 
sludge from his high-rate digester to 
the secondary tank some scum is formed 
and the cause has been attributed to 
gas entrainment. I’d like to ask Mr. 
Sperry, or any one else having experi- 
ence with a gas recirculation system, 
if a similar scum-forming tendency in 
the transfer sludge has been observed ? 

Mr. Sperry:—No. In the two di- 
gesters we use as secondaries we've had 
no particular problem and we get 
sludge to the sand drying beds with up 
around 8 or 9 per cent solids. But as 
| stated earlier the settling quality of 
our transfer sludge has been most satis- 
factory. We feel that it could have 
been run directly to the sand beds had 
we elected to do this. 

Mr. Blodgett :—Perhaps, Mr. Sperry, 
in transferring from one tank to an- 
other sufficient gas is released so that 
you do not form scum similar to that 
which collects on the surface of the 
one tank we use for concentrating. 

Mr. Sperry:—This may be somewhat 
irrelevant, but after Mr. Blodgett’s re- 
marks about releasing gas, I think I 
had better tell you about a unique 
situation we have at our plant. When 
we built these two new digesters I 
finally was able to get what I had long 
wanted. Now when we transfer sludge 
from the three primary digesters the 
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sludge goes first to an intermediate 
tank. From there it is pumped to the 
secondary tank. This, of course, pro- 
vides an opportunity for gas release. 
The two pumps used to transfer sludge 
are controlled automatically by com- 
pressed-air equipment so that the 
pumping of transfer sludge to the in- 
termediate tank and the pumping of 
the primary sludge go on almost simul- 
taneously. Shortly after raw sludge 
pumping has been finished, sludge from 
the intermediate tank is passed through 
one of the sludge meters and sent to 
the secondary. In this way it is pos- 
sible to sample and measure the flow 
of the transfer sludge. 

Earl R. Howard, Executive Engi- 
neer, Metropolitan District Bureau of 
Public Works, Hartford, Conn.:—I 
would like to put in a plug for gas re 
circulation. At the Hartford plant 
there are four fixed-cover digesters, all 
designed for primary operation. Over 
the years we got into a situation where 
we were carrying anywhere from 8 to 9 
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ft of seum in these tanks and it began 
to look as though we were going to 
have to add digester capacity. Then 
we decided to try gas recirculation and 
got our plant in good enough shape to 
start a trial run. We greatly reduced 
the scum thickness in a period of a 
week or so. 

We have now equipped two of the 
four digesters with gas recirculation 
equipment. We are not equipped for 
a good primary-secondary transfer op- 
eration; however, we have been able to 
get the overflow from the two primaries 
into the other two tanks and we now 
are using two-stage digestion. We do 
have a little bit of seum appearing in 
the secondary, and just how we are 
going to get it under control I don’t 
know. With recirculation we 
might be able to continue in Hartford 
without having to build additional di- 
gesters; we may have to build a sludge 
thickening tank, however. We find our 
heat transfer is much improved by gas 
recirculation. 


gas 


VI. REMOVAL AND DISPOSAL OF GREASE AND SKIMMINGS 
AT WICHITA, KANSAS 


3y Rocer D. LEE 


Superintendent, Sewage Treatment Division, Wichita, Kans. 


Wichita is a city of 250,000 located 
in south-central Kansas. It is a major 
trade center for a large area, consist- 
ing of portions of Kansas, Oklahoma, 
Texas, and Colorado. Important in- 
dustries located there are aircraft 
manufacture, milling, meat packing, 
and oil refining. 

Wichita is served by separate sani- 
tary and storm sewer systems. Ef- 
forts, on the part of state and local 
health departments, to eliminate pollu- 
tion of small watercourses within and 
flowing through the city have been suc- 
cessful in that most polluted waters 
are now being discharged to the sani- 
tary The number of sewer 
connections is estimated to be approxi- 


sewers. 


mately 68,000. It is also estimated that 
about 20,000 household garbage grind- 
ers have been installed. Ground gar- 
bage from this segment of the popula- 
tion and wastes from the meat packing 
industry have created problems in the 
handling of grease and skimmings. 


Handling Skimmings 

The Wichita primary treatment plant 
includes mechanically cleaned bar 
screens (with the screenings ground 
and returned to the flow), grit re- 
moval facilities, preaeration tanks, set- 
tling basins, and two-stage heated di- 
gesters. Skimmings consist of grease, 


other usual materials, and some paunch 


manure. The first removal of grease 
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occurs in the preaeration tanks. The 
average detention time is 1.8 hr at 25 
mgd with air supplied at about 0.17 cu 
ft/gal of sewage. Grease accumulates 
on the surface in the form of grease 
balls which are removed as necessary— 
usually about once every three months. 
Grease balls have been removed manu- 
ally in the past. 


Tractor Use 


Early in 1958, a tractor with a % 
eu yd front-end bucket was purchased 
for use in sludge handling. This equip- 
ment has so far been used only once to 
remove grease balls from the preaera- 
tion tanks. The tractor was driven 
to the edge of the basin and the bucket 
lowered over the rail. To submerge 
the bucket it was necessary to close 
partially the gates at the tank outlet 
and thus raise the liquid level. Manip- 
ulation of the air and some steering, 
using paddles, enabled the operators 
to get the grease balls into the bucket. 
When the bucket was raised and the 
sewage flowed out of the bucket, how- 
ever, the grease balls were carried out 
too. It was necessary eventually to 
lower the bucket to just above liquid 
level and then flip the grease balls into 
it. Some of the balls weighed about 
15 lb and the work involved was consid- 
erable. Approximately 8 cu yd (11% 
truck loads) of grease balls were re- 
moved. Eight man-hours were re- 
quired for this work. They were then 
hauled to the grit disposal area on the 
river bank and buried. Purchase of a 
detachable, perforated bucket to mount 
under the regular equipment bucket is 
planned and it is believed its use will 
materially reduce the man-hours re- 
quired to remove grease balls from the 
tanks. 

Three months may seem to be too 
long a period to leave grease balls in 
the preaeration tank. Anaerobic de- 
composition of the grease and entrapped 
sewage solids must oceur with the con- 
sequent production of odorous gases. 
As nearly as can be determined, how- 
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ever, the odors produced have no effect 
at the plant. The Wichita sewer sys- 
tem is laid on flat grades and consider- 
able deterioration of the sewage occurs 
in the sewers. As a result, there is a 
release of sulfides and other odorous 
gases in the flume receiving the lift- 
pump discharge and in the preaeration 
tanks. There is little, if any, differ- 
ence in the intensity of the odor at this 
end of the plant after the grease balls 
have been removed. 


Skimming Trough Use 


Grease and skimmings which are not 
removed in the preaeration tanks are 
removed in the settling basins. The 
plant has two rectangular basins, each 
subdivided into three sections. These 
were built in 1932 but modified and 
improved in 1955. Skimmings are re- 
moved by a skimming trough located 
ahead of the weirs. These basins, des- 
ignated as No. 1 and No. 2, are equipped 
with collecting and skimming mecha- 
nisms. There are also two cireular 
basins, designated as No. 3 and No. 4, 
which were constructed in 1955. These 
too are equipped with sludge collecting 
and skimming mechanisms and each 
has a 4,000 gal scum pit. Skimmings 
from basins Nos. 1, 2, and 3 are drawn 
to pit No. 3 and skimmings from basin 
No. 4 are drawn to pit No. 4. The 
excess water drawn to the pits with 
the skimmings is pumped back to the 
settling basins. Sludge is drawn from 
basin No. 3 or basin No. 4 into the pit 
and mixed with the skimmings by using 
compressed air. The skimmings-sludge 
mixture is then pumped to the di- 
gesters through the sludge lines. Ap- 
proximately 30 ecu ft of grease and 
skimmings (30 per cent of which is 
grease), mixed with 4,000 gal of 5-per 
cent sludge, are pumped each day. 


Effect of Grease on Digestion and 
Digester Equipment 


One of the three primary digesters 
was cleaned during the summer of 1958 
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recirculation equipment was 
that time. Although the 
operation revealed a_ thick 
scum layer which contained paunch 
manure, animal hair, and straw, there 
was no indication that grease had 
failed to digest or had affected the 
quality of the sludge. By using gas 
recirculation to keep scum-forming ma- 
through the active 
digestion zone (or by extending the 
zone of active digestion upward to the 
cover) the portion of the digestible 
grease and skimmings that would other- 
wise be present in the scum layer 
should be digested. Since the practice 
of pumping the grease and skimmings 
to the digester did not hinder digestion 
prior to the installation of the gas re- 
circulation system, no adverse effect on 
the digesters or the digestion process is 
anticipated as a result of the installa- 
tion of the new equipment. 

The digester heating system uses ex- 
ternal heat exchangers and there is no 
indication that grease and skimmings 
reduce line capacity in the heater re- 
circulation system. 


and gas 


installed at 
cleaning 


terials dispersed 


Continuous recir- 
culation of heated digester liquor ap- 
parently eliminates the buildup of 
grease in the Locating plant 
units in such a way as to reduce the 
length of the pump-discharge line nec- 
essary to tie into the recirculation sys- 
tem may be indicated by this experi- 
ence. 


lines. 


Other Methods of Grease Disposal 


Two firms which specialize in the col- 
lection of inedible greases from sewage 
treatment plants have inquired into the 
possibility of obtaining grease from 
Wichita. One firm desired to obtain 
at least 12,000 lb each time it collected, 
which would have necessitated installa- 
tion of facilities. The other 
firm proposed to collect daily. Grease 
and skimmings handling at Wichita is 
so little trouble and so inexpensive, 


storage 


however, that neither proposal was at- 
tractive. 
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Sludge Line Cleaning 


The maximum sludge pumping rate 
is 175 gpm through a clean line. The 
grease in the skimmings adheres to 
the line, particularly at the Venturi 
tube, and a gradual reduction in the 
pumping rate is observed. 

Two types of remedial action are 
practiced. Plant attendants back-flush 
the line weekly, using about 25,000 gal 
of warm supernatant from the di- 
gesters. Since early 1958, experimental 
treatment with caustic has also been 
tried. This method consists of pump- 
ing 200 lb of flake caustic, dissolved in 
water, into about 450 ft of 6-in. line. 
The concentration is approximately 0.3 
lb/gal. The solution is left in the line 
for approximately 12 hr and is then 
back-flushed, using warm supernatant, 
into about 100,000 gal of 
Pump discharge rates for sludge in- 
creased from 100 gpm to 175 gpm over 
a period of several days following this 
treatment. Prior to use of the caustic 
treatments it was necessary to remove 
the Venturi tube and rod the line at 
intervals ranging from two to eight 
months. While it is not likely that 
caustic treatment will completely elimi- 
nate the necessity for rodding, its use 
appears to reduce the need substan- 
tially. Rodding requires approximately 
three and a half man-days and costs 
approximately $60 each time it is re- 
quired, or a total of about $120 per 
vear. 


sewage. 


The caustic treatment requires 
approximately two man-hours of time 
(at a cost of $4) and 200 lb of caustic 
(at a cost of $15) for a predicted an- 
nual cost of $80. These figures do not 


imply that caustic treatment is the 


best answer to the problem of cleaning 
the line or that it will replace rodding. 
To date no attempt has been made to 
establish 


how the caustie acts in re- 
storing line capacity. 
that 


may 


It is possible 
the 
objections not 


continued use of treatment 


reveal now 


parent. 
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In the fine discussion of grease and 
skimmings disposal at the Wichita 
plant mention was made of the forma- 
tion of grease balls on the preaeration 
tanks which oceasionally reach a 
weight of 15 lb. At Minneapolis-St. 
Paul, grease balls have formed on the 
air flocculators but they have not 
reached anywhere near the size re- 
ported for Wichita. They are skimmed 
off by hand periodically. 

Also described for Wichita were the 
methods used for cleaning sludge lines 
by flushing with warm supernatant, 
with caustic solution, and by rodding. 
At Minneapolis-St. Paul we have had 
even more difficulty with these grease 
deposits in our sludge lines. Mr. Sager 
described our experience with this prob- 
lem on the Plant Maintenance panel 
yesterday morning.* We soon aban- 
doned cleaning these lines with a cable 
and knife machine in favor of a hy- 
draulically operated scraper. In order 
to use this, we had to remove the 
Venturi meters from the sludge lines 
but considered it no great loss because 
we could not keep them operating ac- 
curately. We now use a liquid-level 
recorder in our sludge concentration 
tanks to measure raw sludge volumes. 


Scum Lagoon 


At Wichita the grease and skim- 
mings are pumped with the sludge to 
the digesters and have apparently 
caused no great difficulty there, con- 
trary to experience in some other 
plants. At Minneapolis-St. Paul there 
are no digesters. The skimmings are 
flushed to an air ejector and blown 
through a 4-in. pipe to a seum lagoon. 


* This discussion appeared on p. 485 of the 
April 1959 issue of THis JovrRNaL. 
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VII. REMOVAL AND DISPOSAL OF GREASE AND SKIMMINGS 
AT MINNEAPOLIS-SAINT PAUL, MINNESOTA 


By Kerwin L. Mick 


Chief Engineer and Superintendent, Minneapolis-Saint Paul Sanitary District, Saint Paul, Minn. 
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The scum lagoon is ignited once or 
twice a year. A second lagoon receives 
the skimmings while the first one is 
burning. This is a very economical 
and simple method of final disposal for 
the skimmings but it does create tem- 
porary smoke and odor nuisances. 
When the lagoon is first ignited the 
smoke and flames sometimes rise 200 
or 300 ft into the air for short periods. 
Then the lagoon will smolder and oc- 
easionally flare up. The possibility of 
controlled incineration of the skim- 
mings either in a regular sludge in- 
cinerator such as is done here in De- 
troit or in a specially designed separate 
incinerator is being studied. 

Some data on the characteristics of 
the settling tank skimmings from Min- 
neapolis-St. Paul may be of interest. 
On a dry basis, they are about 98 per 
cent combustible and have a fuel value 
of about 13,000 Btu/lb. The skim- 
mings contain approximately 78 per 
cent animal and vegetable fats and 10 
per cent mineral oils. 

Some experimentation has been done 
on pumping this material. In the first 
year of operation at this plant ordi- 
nary centrifugal pumps were used. 
These were unsatisfactory and air 
ejectors were installed. This year a ro- 
tary pump called a ‘‘Bump’’ pump has 
been tried. This unit is especially de- 
signed for very heavy viscous materials 
containing large solids or semi-solids. 
This pump appears to successfully han- 
dle the heavy scum after it has been 
decanted and is ready for incineration. 


Incineration 


Several types of incinerators might 
be used for burning skimmings. A 
few years ago, the author saw a very 
clever one at the Peoria, IL, plant. 
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Here, the operators had constructed a 
small oil-fired incinerator directly on 
the circular settling tank to burn the 
scum as it was removed by the skim- 
ming mechanism. 

An incinerator company has experi- 
mented with burning the Minneapolis- 
St. Paul seum and has submitted a 
proposed design for an inclined hearth 
incinerator. 

At Detroit, the scum is decanted and 
pumped through a motor-operated con- 
trol valve directly to a multiple-hearth 
sludge incinerator. At Minneapolis- 
St. Paul, however, burning this high- 
volatile scum might appreciably reduce 
incinerator capacity for sludge cake. 
The volatile content of the filter cake 
burned at Detroit averages only about 
52 to 54 per cent while the filter cake 
at Minneapolis-St. Paul contains about 
72 per cent volatile matter. Detroit 
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also burns its low-volatile grit in the 
same incinerators. 

The Sanitary District of Chicago has 
been experimenting since 1955 with a 
2-ft diameter, model incinerator de- 
signed by its own staff to burn the 
scum as it floats on a water surface. 
The scum is introduced below the sur- 
face of the water and floats to the top 
where it is burned. The combustion 
products are removed through a stack 
and the ash settles to the bottom of the 
water chamber and can be drawn off 
periodically with the water. The de- 
sign incineration rate is about 0.4 cu 
ft/hr/sq ft of liquid surface. In the 
model tests, combustion at the liquid 
surface gave a clean, orange-colored 
flame with practically no smoke or odor. 
It is understood that a full-scale seum 
incinerator operating on this principle 
is to be built. 


VIII. REMOVAL AND DISPOSAL OF GREASE AND SKIMMINGS 
AT HAMPTON ROADS, VIRGINIA 


By FranK H. MILLER 


General Manager-Chief Engineer, Hampton Roads Sanitation District Commission, Norfolk, Va. 


The Sewage Treatment Division of 
Wichita is to be commended on having 
sought an original approach to the very 
difficult problem of grease disposal by 
mechanical means. The Division is 
also to be congratulated on its good 
fortune in having, at its plant, climatic 
conditions or sewage characteristics 
which permit the holding of grease for 
as long as three months. Many op- 
erators, however, are not so favored. 


Handling Skimmings 

At Hampton Roads several attempts 
have been made to mechanize the re- 
moval of accumulated grease, but by ¢ 
different method than that employed at 
Wichita. Invariably, however, these 
efforts have been impeded by the (a) 
near impossibility of draining off the 
water from the collected grease; (b) 
the unfortunate characteristic of the 


material which results in its sticking to 
and/or clogging anything with which 
it comes in contact; and (c) the diffi- 
culty encountered in trying to get the 
material to flow by any orderly pattern 
to a central point of collection. 

In the report of the Wichita opera- 
tion, reference was made to the forma- 
tion of 15-lb grease balls. Since balls 
of comparable size accumulate in the 
35 pumping station wet wells which the 
Commission operates in the Hampton 
Roads area, it would be interesting to 
know if these grease balls originate 
upline or in the preaeration facilities. 

The difficulty of reaching positive 
conclusions with respect to matters af- 
fecting digester operation is well recog- 
nized. Nevertheless the conviction has 
been held at Hampton Roads for sev- 
eral years that the discharge of skim- 
mings and grease into the digesters re- 
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sulted in the formation of a scum layer, 
or at least materially increased this 
layer. 

Tests of scum layers, which at times 
were 6 to 8 ft deep, showed the grease 
content to be more than 20 per cent. 
It was therefore considered necessary 
to eliminate direct skimmings load- 
ings to all eight digesters which are 
operated by the Commission. It is be- 
lieved that this action reserved digester 
capacity for more necessary purposes 
and did not add materially to the prob- 
lem of scum handling. While this pro- 
cedure did make it necessary to dip the 
skimmings into G. I. eans for subse- 
quent burial or incineration at a nearby 
city incinerator, this was more than 
offset by the advantages of having less 
difficulty in keeping sludge lines open 
and a substantial reduction of digester 
problems. Many other variables, of 
course, come into the question of the 
extent to which digester problems were 
reduced. But unquestionably less dif- 
ficulty was experienced with scum and 
with the maintenance of digester ca- 
pacity than was the case when this 
capacity was used to accommodate the 
grease load from the primary clarifiers. 

It should be noted that gas recireu- 
lation is probably very pertinent to 
the effect which grease has on di- 
gesters. At this time, however, no in- 
formation is available at Hampton 
Roads to either confirm or deny this 
contention. It might also be interest- 
ing to note that grease accumulation 
does occur, to a fairly heavy degree, in 
the 6-in. raw sludge lines at Hampton 
Roads, even though a very conscientious 
effort was made to prevent skimmings 
from entering these lines. These coat- 
ings must therefore be attributed to 
the grease content of the raw sludge. 
At Hampton Roads the raw sludge 
lines usually require cleaning at ap- 
proximately annual intervals. This is 
done by power-driven augers since these 
have been found to be the only really 
successful means of getting through 
the buildup. 
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Effect on Receiving Waters 


The problem of handling grease is 
one of the most difficult, thankless, and 
noxious jobs encountered in sewage 
treatment plant operation. For this 
reason it is one that is evaded by op- 
erating personnel at any time an op- 
portunity for such evasion exists. At 
Hampton Roads a primary effluent is 
discharged to tidal waters where the 
BOD is substantially no problem and 
where solids loading is not a serious 
problem. The main objectives are the 
reduction of bacteria and the removal 
of those fouling and unsightly com- 
ponents of the sewage flow. Failure of 
standard skimming devices to remove 
accumulated grease adequately, possi- 
bly compounded to some degree by an 
operator’s understandable tendency to 
work the skimmings under the ‘‘split- 
log,’’ has resulted in problems at (and 
downwind of) the effluent discharge 
point. At times this has been a prob- 
lem of considerable proportions. One 
of the most valuable and beautiful resi- 
dential waterfronts on the East Coast 
is located about a mile downwind from 
the effluent discharge point of one of 
the three treatment plants in the area. 
Small grease particles appear to be- 
come mixed with floating seaweed anid 
other organic material and result at 
times in a very serious odor problem 
along this shore. 


Equipment Improvements Needed 


It is believed that present grease-re- 
moval devices could be materially im- 
proved and that this would benefit both 
primary plants and secondary plants. 
If a continuous removal of skimmings 
from settling basins could be accomp- 
lished and, following this, if specific 
grease-separation facilities could be 
provided which could take the decanted 
liquid off the grease and, in effect con- 
centrate and clean the grease, the op- 
eration would be very much improved. 
Such facilities would probably operate 
on the principle of continuous skim- 
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ming and decanting, rather than on adequate solution to it is forthcoming 
the present intermittent and largely hopefully in the very near future. 


manual method. 

This subject is an important one and 
deserves its place on the agenda of this 
meeting of the Federation. It is to be 
hoped that it will remain the subject 
of sufficient consideration until a more 


In this endeavor the consideration of 
the equipment manufacturers is earn- 
estly besought as it appears likely that 
the successful solution to the problem 


Floor Discussion 


Joseph B. Hanlon, Superintendent, 
Sewage Treatment, Metropolitan Dis- 
trict Boston, Mass.: 
These grease balls, aren’t they formed 
in the aeration tanks? 

Mr. Lee:—Yes, sir. 

Mr. Hanlon:—The reason I asked 
this question is that whenever we have 
a defective aeration unit, a slow rotary 
motion is set up in that area, and we 
seem to be able to roll up 15-lb grease 
balls in a very short time. But after 
the tube is fixed, the grease balls break 
up and are captured in the skimming 
area. I am wondering if a ball of the 
size you mentioned could get through 
the screens or whatever you may have 
ahead of the aeration tank. 

Mr. Lee:—Well, I don’t believe the 
balls through the bar 

These 15-lb grease balls are 
the exception. I probably gave the 
wrong impression. Most of the grease 
balls are smaller. They are about the 
size of an orange, but we also have 
some of the large ones. It usually 
takes two or three months for them to 
form. They are not formed in a period 
of just a couple of days in the preaera- 
tion tanks. 

John C. Funk, Chief Operator, Sew- 
age Treatment Plant, Ashtabula, Ohio: 

-I am right in the middle of trying to 
solve this grease problem and I hope I 
am going along the right lines. What 
I have done is to skim grease from the 
primary clarifier and recirculate it to 
the preaeration tank in order to form 


Commission, 


grease come 


sereens. 


will involve new methods, new pro- 
cedures, and new equipment. 
balls which are easy to handle. These 


then skimmed off. We have on 
order a small incinerator and we plan 
to burn both the screenings from the 
bar rack and the grease. 

If anybody else has tried this, I 
would like to hear about it. 

From the Floor:—I hope this inein- 
erator is big enough and adequately 
constructed to tolerate the high Btu 
content of the grease balls. 

Mr. Schreiber:—Mr. Lee, I would 
like to back to cleaning raw 
sludge lines with caustic. What is the 
temperature of the water that you use? 
What type of caustic do you use? Do 
you pump the spent solution to your 
sedimentation tanks or do you put it 
into your digesters? 

Mr. Lee :—The temperature is around 
60°F. It is our plant tap water and it 
is taken from our own well. The caus- 
tic we use is just plain commercial 
flake caustic that we buy from the 
local chemical supply houses. We 
back-flush the caustic into the sedimen- 
tation basins. 


are 


come 


I think the discussion this morning 
has clearly indicated that the problems 
in handling grease and skimmings are 
complex and varied. None of us has 
the final but 
some workable schemes have been de- 
seribed. 


come up with answer, 
By next year some of you 
will probably have answers to current 
problems. These answers will be wel- 
come words to most of us. 
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“Not failure, but low aim, is crime.’”-—Robert Browning 


| Attention operators! It will be appreciated if copies of the annual reports of both large 

| and small sewage and industrial waste treatment plants are sent to the Federation office 
for abstracting in this section of the Journal. Please direct annual reports to: The 
Operator’s Corner, Federation of Sewage and Industrial Wastes Associations, 4435 
Wisconsin Ave., N.W., Washington 16, D. C. 


Highlights from the Annual Reports of Alexandria, Va., Boise, 
Idaho, Buffalo, N. Y., Cranston, R. I., Defiance, Ohio, De Kalb, 
Ill., Detroit, Mich., East Bay Municipal Utility District, Oakland, 
Calif., Fond du Lac, Wis., Fort Wayne, Ind., Gary, Ind., Grand 
Rapids, Mich., Jackson, Mich., Kenosha, Wis., Menlo Park, Calif., 
New Rochelle, N. Y., Oshkosh, Wis., Painesville, Ohio, Santa Rosa, 
Calif., Walla Walla, Wash., Washington Court House, Ohio, and 
Washington, D. C. 


SaMuEL W. SuHarer, Engineer-Director, Alexandria, Va., Sanitation Author- 
ity; A. J. Wann, Superintendent, Boise, Idaho; Frepertck W. Crane, General 
Manager, Buffalo, N. Y., Sewer Authority; Waurer C. ANpERson, Superintend- 
ent, Cranston, R. I.; Donaty E. Hazetswart, Superintendent, Defiance, Ohio; 
Donatp E. Henn, Engineer-Manager, De Kalb, Ill., Sanitary District; 
3URLEY, Engineer of Sewage Treatment, Detroit, Mich.; Etmer E. Ross, Man- 
ager, Sewage Disposal Division, East Bay Municipal Utility District, Oakland, 
Calif.; CLARENCE W. BoGENHAGEN, Superintendent, Fond du Lac, Wis.; Pau. 
L. Brunner, Superintendent, Fort Wayne, Ind.; W. W. Matuews, Superintend- 
ent, Gary, Ind.; HuntLtEy DeLano, Superintendent, Grand Rapids, Mich.; R. A. 
GREENE, Superintendent, Jackson, Mich.; Frank I. Viten, Superintendent, 
Kenosha, Wis.; Cepric Wesster, District Manager, Menlo Park, Calif., Sanitary 
District; JAMEs M. Brown, Superintendent, New Rochelle, N. Y., District Sew- 
age Treatment Plant; R. W. Frazier, Engineer-Superintendent, Oshkosh, Wis.; 
Joun R. Wo irs, Supervisor, Painesville, Ohio; M. B. McKinnte, Superintendent, 
Santa Rosa, Calif.; C. S. Zickeroose, Superintendent, Walla Walla, Wash.; C. J. 
MarkKuHaAM, Superintendent, Washington Court House, Ohio; and Huen A. 
ScurerBer, Superintendent, Washington, D. C. 


Activated Sludge At Jackson, Mich., the following pro- 


\ mass of floating sludee that has Cedure is used for cleaning diffuser 
been appearing in the secondary set- Plates: One tank at a time is de- 
tling tanks in Boise, Idaho, during cold watered, then water is hosed on the 


weather has been eliminated by re- 
circulation. From December to March 
during the hours from 7 pM to 7 AM 
effluent from the secondary launder is 
returned to the head of the plant. 
This procedure has increased the DO 
in the raw sewage and shortened the 
overnight detention in the treatment 
units. 


plates until the plate holders are full of 
water. Concentrated chromic acid is 
then brushed on the plates and is al- 
lowed to remain for about 15 min. The 
air supply is then turned on and addi- 
tional water is hosed on the plates to 
prevent injury to the aluminum plate 
holders. This method is believed to do 
less damage to the plate holders than 
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cleaning methods which require re- 
moval of the plates. Before cleaning, 
pressure on the discharge side of the 
blower was 8 lb 4 oz; after cleaning 
the pressure was 6 lb 8 oz, almost as 
low as when the plates were new. 

One of the two aeration tanks at 
Cranston, R. I., has been modified to 
permit step aeration. Settled sewage 
is added at four points along the length 
of the tank. Results to date indicate 
that step aeration will permit greater 
quantities of sewage to be treated; 
BOD loadings of up to nearly 60 lb/ 
1000 cu ft have been applied. 


Effluent Utilization 


During the period from mid-June to 
mid-October all treated sewage from 
the Walla Walla, Wash., treatment 
plant is used for irrigation. Two ir- 
rigation districts compete for the ef- 
fluent. 

Industrial Wastes 

Over the 3-yr period 1956-58, tan- 
nery wastes treated at the Fond du 
Lac, Wis., trickling filter plant have 
had an average BOD population equiv- 
alent of approximately 25,000, while 
the population equivalent of the domes- 
tie wastes about 42,000. Thus 
about 37 per cent of the total waste- 
load treated comes from the tannery. 

Tannery wastes were also in the pic- 
ture at the Santa Rosa, Calif., treat- 
ment plant. Here, the fire department 
indicated that vats at an old tannery 
were so great a hazard that emptying 
would be Pumping the 
240,000 gal of waste to the sewer took 
34% days. Unfortunately, even this 
relatively slow discharge to the sewers 
did not prevent the waste from killing 
the growth on the trickling filter. 
Ponding followed but high-pressure 
hosing relieved this undesirable 
dition. 

The quantity of textile wastes dis- 
charged to the Cranston, R. I., treat- 
ment plant increased by more than 50 
per cent during the year and consti- 
tuted 13 per cent of the total city waste 


was 


necessary. 


con- 


SEWAGE AND INDUSTRIAL WASTES 


June 1959 


flow. Possibly as a result of this in- 
crease, BOD and suspended solids re- 
movals in the primary sedimentation 
dropped to 9 and 27 per cent, respec- 
tively. Normally, about 40 per cent 
of the BOD and 60 per cent of the 
suspended solids are removed. 


Metering 


During winter months, condensa- 
tion in the unheated metering stations 
on the Alexandria, Va., sewerage svs- 
tem recurrent failures of the 
mechanisms. The problem was solved 
by placing perforated cannisters of 
silica gel in the meter cabinets. Can- 
nisters are exchanged weekly. The 
saturated ones are processed for reuse 
by baking in an oven. 


causes 


Operation 


Operating data from 21 treatment 
plants appear in Tables I, II, and ITI. 
Data in Table I are from activated 
sludge plants; data in Table II from 
trickling filter plants; and data in 
Table III from primary plants. <A 
total of 32 years of operation are rep- 
resented in these three tables. 

Personnel 

After nine years of operation the 
Boise plant reports that no time has 
been lost by any employee because of 
an on-the-job accident. The Boise 
plant reports further that 12 former 
operators now hold the position of su- 
perintendent or foreman in other munic- 
ipal treatment plants in the Pacific 
Northwest. 


Sedimentation 


Some measure of the life of sludge 
collecting mechanisms can be appre- 
ciated by the fact that after 28 years 
of service both the primary and sec- 
ondary clarifier collectors at De Kalb, 
Ill., were reconditioned and placed 
back in. service. 


Sewers 


Power rodding of sewers in the 
Menlo Park Sanitary District, Menlo 
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Park, Calit., is responsible for an im 
portant advance in the District’s main- 
tenance program. For the six-month 
period immediately prior to the pur- 
chase of power equipment 158 sections 
of sewers were rodded. During six 
months’ operation with a power rodder 
1,186 sections of sewers were cleaned ; 
a 750 per cent increase with no increase 
in Manpower. 

During the past 20 years at Buffalo, 
18,854 sewers, with a total aggregate 
length of 13,566,815 ft have been 
cleaned. <A six-year comparative sum- 
mary of sewer-cleaning costs is listed in 
Table IV. Table V summarizes clean- 
ing costs for street inlets and eateh 
basins. 


Skimmings 


Operating experience and laboratory 
investigations at the East Bay Muni- 
cipal Utility District’s (Oakland, 
Calif.) treatment plant reveal that 
skimmings are digested very poorly. 
Also, skimmings are believed to con- 
tribute very greatly to the formation 
of scum in digesters. Examination of 
digester scum shows the formation to 
be composed of two distinct layers. 
The upper layer is dark and oily-like 
and floats on a tough, thick mat of 
‘greasy’’ solids containing fibers, hair, 
rubber, paper, plastics, wood, and other 
floatables. 

Alternate methods of skimmings dis- 
posal studied include incineration, bur- 
ial, and processing to recover tallow. 
Incineration was studied on a _ pilot- 
plant scale. The skimmings have a 
high heat value and were found to 
burn readily with very little ash. Dis- 
posal by burial is being evaluated and 
a contract with a rendering company 
is under negotiation. 

Whichever method of disposal is se- 
lected, a method of collecting skim- 
mings must be devised. So far, inves- 
tigations point to a flotation system as 
the most promising. Skimming would 
be moved to the flotation unit by the 
plant effluent. Operation of a proto- 
type system is planned to begin shortly. 


ISTRIAL 


TABLE III. 


Operating Results from Nine Primary Plants 


of Treat 


Eff, 


Sewage Strength 
(mg/l) 


e Temp. 
F) 


Sewag 


Sewage Volume 


Influent 


reatment Plant 
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TABLE IV. -Sewer-Cleaning Costs 
at Buffalo, N. Y. 


Total 

Fiseal Year — ‘ 
1953 690 584, 168 13.3 
1954 601 159,703 15.4 
1955 686 510,327 15.5 
1956 U44 710,122 14.9 
1957 946 690,096 16.0 
704 504.665 20.0 


TABLE V.-—-Cleaning Costs for Street Inlets 
and Catch Basins at Buffalo, N. Y. 


Street Inlets Catch Basins 


4 Cost per | Cost per 
1954 26,739 1.45 792 1.20 
1955 59,347 0.92 754 1.28 
1956 68,190 0.80 682 1.44 
1957 54,890 1.10 678 1.67 
1958 51,165 1.19 147 1.91 


At Detroit, grease and other accu- 
mulations skimmed from the sedimenta- 
tion tanks are destroyed on a lower 
hearth of the incinerator. This method 
of disposal has been used for the past 
six years and is considered successful. 


Sludge Digestion and Handling 
De Kalb, Ml. 


Digester startup at De Kalb began 
without incident but in a very short 
time trouble developed which plagued 
operations for eight months. 

On Jan. 16 heating of the digester 
contents was begun. On Jan. 22 seed 
sludge from the old digester was trans- 
ferred to the new unit and by Feb. 3 
burnable was being produced. 
Later in February, however, structural 
and mechanical failures made con- 
trolled digestion next to impossible. 
During April and June a total of 2,400 
lb of lime was added at the rate of from 
100 to 200 Ib/day in an attempt to 
raise the pH. The digester was al- 
lowed to rest intermittently but im- 
provement of conditions did not result. 


fas 
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by late September the volatile acids in 
the digesting sludge reached 3,800 
mg/l and gas production continued to 
deerease. 

About the same time the new di- 
gester was giving trouble, the old di- 
gester, where no attempt at control 
was made, gradually started to produce 
gas in large quantities and the volatile 
acids concentration of its contents re- 
mained low. With these observations 
in mind all circulation and heating of 
the new digester were stopped on Sept. 
25 and all raw sludge was pumped to 
the top of the old unit. From the bot- 
tom of this unit, digesting sludge, equal 
to a 3-in. depth of the new digester, 
was transferred to the top of the new 
unit. This was done daily. The plan 
was to gradually develop a volume of 
rapidly digesting sludge having a rela- 
tively low volatile acids content with- 
out mixing, heating, or the addition of 
raw solids to cause an increase in vola- 
tile acids. 

Sludge in the old digester had a tem- 
perature of 70°F and that in the new 
unit, 85°F. However, no difficulty 
that could be attributed to this tem- 
perature difference seemed to oceur. 
By Oct. 4, 10 days after the sludge 
transfer began, gas production in the 
new unit increased from 2,000 to 4,000 
cu ft/day and some evidence of foam- 
ing was observed. Also on Oct. 4, a 
small amount of raw sludge (700 gal) 
was added to the new digester and the 
contents were circulated for 15 min. 
On Oct. 6 the last transfer of sludge 
from the old unit was made. Also on 
this date the digester contents had the 
following characteristics : 


Bottom of Bottom of 


Item New Digester Old Digester 
Temp. (°F) 88 67 
Volatile acids (mg/]) 3,500 560 
pH 6.9 6.8 
TS (%) 9.25 445 
VS (as % of TS) 15 15 


After Oct. 4, raw sludge was added 
and the digesting solids were circulated 
on an every-third-day schedule. By 
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Oct. 12 gas production was good and 
the raw solids addition was increased. 
This procedure was followed for the 
month of October at the end of which 
the sludge in the circulation zone was 
found to have a pli of 7.3 and a vol- 
atile acids content of 760 mg/l. Gas 
production was steady at about 28,500 
cu ft/day. Thus normal conditions 
were finally established. 


East Bay Municipal Utility District, 
Oakland, Calif. 
At East Bay, sand accumulation in 


the digesters continues to be one of the 
niajor operating problems. Laboratory 


work shows that more than 50 per cent 
of the sand passes through a 200-mesh 
screen and laboratory attempts to sepa- 
rate the sand from raw sludge have not 
Both aeration and 
pressure flotation have been tried. 

A major addition to the East Bay 


yet been successful. 
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FIGURE 1.—EBMUD’s new digester. Notice flexible piping in right foreground. 
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plant has been a 2.25-mil gal digester 
(Figure 1) incorporating several new 
design features. For example, nearly 
all the piping which is normally inside 
a digester was placed either around the 
outside or on the cover of the new unit. 
The absence of this internal piping per- 
mits the cover to be lowered 15 ft be- 
low the minimum elevation of the covers 
on the other three digesters. Man- 
holes were provided at a level just be- 
low the ‘‘down position’’; at just above 
ground level; and at a level just above 
the ‘‘down position.’” Sludge can be 
«wdded or withdrawn at any of 15 dif- 
ferent locations or combinations thereof, 
The scum blanket can be broken up by 
either recirculation superna- 
tant injection, both through numerous 
openings in the floating cover. The &- 
in. gas and scumbreaker lines on the 
cover are carried over the tank wall by 
15 ft of flexible rubber hose. 


vas or 
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\lerandria, Va. 


During April an inspection of the 
primary digester at Alexandria re- 
vealed that a scum blanket had formed 
to a thickness of 18 in. Although the 
blanket caused no operating problem, 
the liquid level of the tank was lowered 
slightly to bring the scum layer within 
closer reach of the draft-tube inlets. <A 
substantial reduction the 
followed this adjustment. 
Alexandria, a piping change 
during the year to permit the 
of the filtrate from vacuum 
the elutriation tanks. 
This modification essentially resulted in 


scum 
thickness 

Also at 
was made 
discharge 
dewatering to 


the reclamation of residual amounts of 


lime and ferric chloride which were 
formerly lost to the plant sewerage 
system. 


Jackson M ich. 


The six digesters at Jackson fune- 
two three-stage units. This 
method of operation is claimed to be 
superior in many The di- 
gested sludge has a solids content of 
about 9.4 per cent of which about 42 
per cent is volatile matter. 


tion as 


respects, 


Washington, D.C. 


Ten of 12 digesters at the Washing- 
ton, D. C., plant were operated in paral- 
Five of 
these were dosed in sequence on alter- 
nate days. On the intervening days 
was made for the next addition 
of sludge by withdrawing either super- 
natant or Tank-level 
appropriate to 
separate operations were used to com- 
pute fluid volumes added to and _ re- 
moved from the digesters. With this 
information it was possible to follow the 
digestion process rather closely. 

Two of the 12 digesters were used to 
settle supernatant from the other tanks. 


lel as single-stage digesters. 


room 


bottom sludge. 


measurements these 


This practice resulted in a reduction of 
supernatant suspended solids from a 
high value of 1.5 to 2.0 per cent to a 
value of less than 0.5 per cent while 
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producing a sludge with a solids econ- 
centration of & per cent. 


New Rochelle, N.Y. 


At New Rochelle a somewhat un- 
usual problem is caused by the high 
solids content in the sludge from the 
secondary digester. At times the solids 
content is as high as 11.5 per cent. 
Such a sludge is difficult to pump; 
scmetimes it must be diluted with 
treated After conditioning 
chemicals were added, similar difficul- 
ties were encountered in moving the 
sludge to the filter. This problem was 
solved by raising the mixing tank to 
increase the allowable head loss. 


Detroit, Mich. 


sewage. 


Detroit has developed a miniature 
vacuum filter to study the filterability 
of different sludges as well as the effects 
of modifications in sludge conditioning 
methods. 


Buffalo, N.Y. 

At Buffalo waste lime from an acety- 
used in 
with waste 
aluminum chloride from another local 
source. This latter chemical has satis- 
factorily supplanted ferrie chloride. 

Use of Dynel filter cloths has been 
continued as a replacement for the 
flannel-type. An average useful life of 
1,400 hr has been recorded for Dynel, 
whereas the useful life of 
about 180 hr. 

Grease and carbonates 


lene manufacturing plant is 
sludge conditioning along 


flannel is 


imbedded in 
filter cloth pores have been removed by 
acid and detergent washings. Carbo- 
nate filtrate piping 
ave been removed by the addition of 
muriati¢e acid. 


encrustations in 


Painesville, Ohio 


The charge for dumping septic tank 
sludge at the Painesville sewage treat- 
ment plant is $5/1,000 gal or fraction 
thereof. This service was first offered 
by the plant on Sept. 13 and by the 
end of the year revenue from this souree 
totaled $1,585. 
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Vacuum filters at this plant have 
been operated successfully using only 
one vacuum pump and one filtrate 
pump to operate two filters. This fea- 
ture, which cut power costs by about 50 
per cent, was made possible by the 
interconnection of the filtrate receivers, 


Kenosha, Wis. 

At Kenosha considerable savings 
were made by pumping digested sludge 
to a diked-off area within the plant 
grounds. The only preparations made 
at the site are leveling and diking. 
The sludge is pumped to this area only 
during the winter. Experience shows 
that by fall the sludge is dry enough 
to be moved with a front-end loader. 
During other seasons sludge is pumped 
to both a privately owned marsh and 
Sludge from 
the sand beds is also removed using a 


conventional sand beds. 
front-end loader. Mechanical removal 
results in a slightly greater loss of sand, 
but what was formerly a seven-month 
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job for two men is now a routine, minor 
chore. 


Santa Rosa, Calif. 


Centrifuging of digested sludge was 
tried for a two-month period at Santa 
Rosa. It was found that when hauling 
costs and capital outlay were added to 
cperating costs this method of sludge 
drying was not economically feasible. 
Further investigation of other methods 
of sludge disposal indicated that com- 
posting would be economical if the work 
was done by contract. Accordingly, a 
contract was signed for use of the 
*Tillo’? process and in May 1958 the 
contractor had facilities ready for use. 

Trickling Filters 

Late in 1957 rotary distributor arms 
were installed on both of the old, fixed 
nozzle beds at De Kalb, DL, thus con- 
verting each filter to high-rate opera- 
tion. The existing dosing tanks will 
function as head boxes into which the 
recirculating flow will be discharged. 


ECONOMICAL PRACTICES IN SEWAGE TREATMENT 
PLANT OPERATION * 


By E. J. 


BEATTY 


Enginecr-Manager, Urbana and Champaign Sanitary District, Urbana, Il. 


This is one of four papers collectively forming a sewage treatment 


cost reduction symposium. The 


papers on 


activated sludge and 


digestion processes and on sewage treatment plant construction have 
already been published in Tuts JourNAL (31, 4, 399; 31, 4, 406). 
The fourth paper on over-all regulatory considerations appears on 


page 662 of this issue. 


Those who have the responsibility for 
maintaining and operating sewage 
treatment plants are constantly faced 
with the problem of finding ways and 
means of financing the necessary costs 
for maintenance and operation. The 
main items under most operating bud- 


* Presented at the 31st Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Detroit, Mich.; Oct. 6-9, 1958. 


gets are labor, maintenance, utilities, 
and overhead expenses. 


Importance of Design 


The utility item in the budget, in 
general, is a fixed cost and there is 
usually very little that can be done to- 
ward reducing it. Overhead items, 
such as insurance and pensions, are 
also fixed items. It is the designing 
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engineer who can, by proper design, 
provide one of the most effective means 
of reducing the operating costs of the 
finished sewage treatment plant. If, 
in laying out the original plant, he 
would have frequent conferences with 
the operating personnel it would un- 
doubtedly result in the provision of 
many features, at a reasonable cost, 
whieh would greatly reduce the labor 
Some of the 


specific ways in which this can be done 


costs in plant operation. 


are discussed below 


Grit Chambers 


It should be possible to provide erit 
chamber facilities ahead of bar screens 
or underwater sereenings grinders to 
reduce the of wear resulting 
from handling grit through these units. 
A grit chamber should be installed in 
such a eliminate the 
need for daily loading and hauling of 
erit or the constant parking of trucks 


amount 


manner as to 


to receive the discharge from. grit 
washing facilities. Above all, a me- 
chanical means of handling of grit 


should be made available to eliminate 
the large amount of labor required for 
the hand cleaning of grit chambers. 
When hand cleaning is necessary the 
tendency is to neglect cleaning the grit 
chamber. This results in gross depos- 
facilities 
which inevitably cause operating prob- 
and the eventual need for ex- 
tensive cleaning at considerable ex- 
pense. If, however, grit chambers are 
installed ahead of bar screens or under- 
water 


its of solids in the digestion 


lems 


evrinding facilities 
there will be a major reduction in the 
amount of repair necessary and in the 
labor 


screenings 


involved maintaining 


these facilities. 


costs 


Primary Clarifiers 

plants a large number of 
small-eapacity primary clarifiers have 
been installed although two or three 
large units would provide the same 
treatment efficiency and would elimi- 
nate many maintenance problems and 


In many 
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mueh of the labor time 
pumping and skimming 
units. 


required for 
the multiple 


Sludge Pumping Facilities 


Sludge pumping facilities should be 
made as flexible as possible so that more 
than one operating procedure can be 
carried out by the plant personnel at 
the time. This the 
amount of labor required for pump- 
ing, transferring, and withdrawing the 
sludge and supernatant. Many plants 
have been designed which do not pro- 
vide this flexibility and, when only one 
operating procedure can be carried out 
at a time, the operator must spend the 
major portion of his day changing 
valves and waiting for the pump to 
carry out the movement of 
sludge or supernatant. A few valves 
and fittings might make considerable 
difference in the operating time re- 
quired and they can be installed much 
more economically at the time of orig- 
inal construction than at a later date. 
Some of these design features are not 
apparent in the general layout of a 
treatment plant in planning 
sult of actual experience in operation 
on the part of the designing engineer or 
through cooperation with staff 
which will have control of the opera- 
tion of the plant. 


same reduces 


necessa 


stage. 


Sludge Drying Beds 


The trend today is toward the elimi- 
nation of the open sludge drying beds. 
This is due to the fact that the opera- 
tion of sludge beds is an expensive prop- 
osition, not only in the original cost but 
also in the eost of removing the sludge 
and replacing the sand. Recently there 
has been reference to an open sludge bed 
with a paved bottom (1) from which 
dry sludge is removed by utilizing end 
loaders or other such equipment. Ap- 
parently use of this type of sludge bed 
has been limited to the more arid sec- 
tions of the country and ‘little, if any, 
experimental work has been carried out 


in more humid areas. The Urbana and 
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Champaign Sanitary District hopes to 
reconstruct two of its existing sludge 
beds in 1959 to test out this method of 
sludge drying. 


Deep Sludge Lagoons 


At the present time it appears that 
the most economical method of sludge 
disposal, from the standpoint of operat- 
ing costs, is the use of deep sludge dis- 
posal lagoons from which there is no 
intention of ever removing the sludge. 
This method has worked out very satis- 
factorily in locations where land areas 
and isolation permits the installation of 
this type of facility. 

Shallow Sludge Lagoons 

The Urbana and Champaign Sani- 
tary District has experimented during 
the past seven years with the use of 
shallow sludge lagoons. These are 
large undrained areas which are leveled 
and diked and into which digested 
sludge is discharged over a period of 
time to a maximum depth not ex- 
ceeding 12 to 15 in. It is possible to 
clean this type of lagoon yearly by the 
use of end loaders or other equipment 
of a similar type. The amount of labor 
required for cleaning these shallow la- 
goons is very small. During the years 
the experiment was being tried, good 
drying conditions prevailed most of the 
time but one rainy season was en- 
countered and at this time it was neces- 
sary to remove the sludge while it was 
still quite high in moisture content. In 
veneral it is felt that this type of instal- 
lation has proved itself to be entirely 
satisfactory for use in central Hlinois. 


Vacuum Filters 


The installation of vacuum filters in 
many of the larger plants has proved 
to be satisfactory but their economy, 
from an operating standpoint, is open 
to question in the ease of the very small 
plants. The design of vacuum filters 
has improved steadily but a large 
amount of labor is still required for the 
operation of these filters and the cost 
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of chemicals for the filtering process is 
quite high. It is believed that the engi- 
neer, in recommending the installation 
of vacuum filters, should submit a de- 
tailed operation cost estimate for the 
review and consideration of the govern- 
ing bodies. This should be studied care- 
fully before vacuum filters are decided 
on. Once vacuum filters are installed 
there still remains the problem of dis- 
posal of the sludge cake which, under 
normal conditions, would have approxi- 
mately 65 to 70 per cent moisture. Un- 
less considerable land area is available 
for stock piling this filter cake, it might 
create a major problem of ultimate dis- 
posal and, in the end, it might be nee- 
essary to install cake-drying or com- 
plete incineration facilities. Both of 
these processes involve considerable 
labor cost as well as costs for auxiliary 
fuels and maintenance. 


Acration Equipment 

The Urbana and Champaign Sanitary 
District is now in the process of con- 
structing major additions which will 
include activated sludge facilities to 
operate in parallel with the existing 
trickling filter. Investigation into the 
operating costs of various types of 
aeration equipment led to the conclu- 
sion that the most desirable type of 
installation would be one that requires 
only minor air filtration in front of the 
blowers. <Attention was also given to 
the ability of the unit to dispense air 
into the activated sludge tanks in a 
manner which would not require con- 
stant cleaning or the alternative of 
pressure buildup in the air lines. Pre- 
liminary study of the problem included 
visits to existing plants. In some of 
these, the aeration equipment was in 
the process of being cleaned and it was 
apparent that cleaning is a necessary 
routine at regular intervals and one 
which requires a considerable amount 
of labor. Sparger-type aeration units 
were finally selected and it is hoped 
that their installation will eliminate 
this particular operating expense. 
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Spare Parts 


The stocking of repair parts, so as to 
lave them available when needed, can 
tie up a considerable portion of the op- 
erating budget. If the designing engi- 
neer could duplicate certain pieces of 
equipment, such as electrical controls, 
gear reducers, and other items of this 
type, there could be a major reduction 
in the number of repair parts required 
to be kept in the storeroom for emer- 
It should be possible to 
carry out this procedure without detri- 


vency repairs. 


mental effect to the over-all operating 
efficiency of the sewage treatment plant. 

The above items are only a few of the 
design features which can save on op- 
erating costs. The consulting engineer, 
who has control in the layout of the 
sewage treatment plant, should strive 
to include such items in his design and 
should inclusion of 
labor-saving equipment, where feasible, 
to be installed at the time of the plant’s 
construction. 


recommend the 


Tools and Equipment 

One important operating economy, 
over Which the operating personnel has 
control, is the procurement of the tools 
and equipment needed to carry out 
routine duties and maintain the treat- 
ment plant in satisfactory condition. 
The use of proper tools and other port- 
able equipment makes it possible to re- 
duce the man hours of labor required 
A mod- 
ern sewage treatment plant cannot be 
operated with a screw driver, monkey 
wrench, and Good 
mechanical required 
and repairs can be made satisfactorily 


for repairs or improvements. 


hammer. 
procedures 


sledge 


are 
only if the proper tools are available. 


Pumping Equipment 


No sewage treatment plant should be 
operated without the aid of suitable 
auxiliary portable pumping equipment. 
The pump should be large enough to 
dewater a tank or other portion of the 
plant in a short period of time so re- 
pairs can be made promptly and the 
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plant put back in operation without the 
need for extended bypassing. 


Crane Use 


An interesting experience which the 
Urbana and Champaign Sanitary Dis- 
trict had with one piece of portable 
equipment came about as a result of its 
being given, in 1950, the responsibility 
for maintaining approximately seven 
miles of open storm ditch which flows 
through the two municipalities and 
through the heart of the University of 
Illinois. After considerable study and 
investigation of the requirements it 
was decided that some type of equip- 
ment should be purchased for removal 
of deposited debris and silt from this 
open drain so as to eliminate plugging 
of culverts and bridges. After further 
study a hydraulically operated crane * 
equipped with a 14-yd clamshell was 
purchased. This unit, mounted on a 
six cylinder truck, cost approximately 
$9,000 in 1951. At the time of pur- 
chase it appeared this unit would be 
used only about four months of the 
year and there was some doubt as to 
whether its value would justify the 
cost. However, in actual experience, 
there has been hardly a week through- 
out the year, even in mid-winter, that 
this unit has not been used. 

One of the time-consuming and dirty 
operations at the Urbana-Champaign 
treatment plant was the removal of 
large amounts of scum which collected 
in the gas vents of the old Imhoff tanks. 
It has been found that this material 
can be removed with the crane bucket, 
discharged into dump trucks, and im- 
mediately disposed of at the municipal 
dumping grounds. In 1953, in design- 
ing the aerated grit chamber, advan- 
tage was taken of the availability of 
this piece of equipment. The grit 
chamber was so designed that the grit 
collected in a trough in the bottom of 
the grit chamber, from which it could 
be removed periodically with the crane 

a Hydrocrane,’’? manufaetured by the Bu 
cyrus-Erie Co., South Milwaukee, Wis. 
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and disposed of at the municipal dump. 
The saving of the cost of the mechan- 
ical equipment which would otherwise 
have been required in the grit chamber 
was almost sufficient to pay for the 
cost of the truck and crane. There is 
an additional cost advantage in that it 
is no longer necessary to tie up a dump 
truck seven days a week for the pur- 
pose of handling grit. 

Another disagreeable operating chore 
has been eliminated through the use of 
the crane; the removal of grit from the 
grit chamber ahead of the inverted 
siphon on the intercepting sewer sys- 
tem. Use of the crane and one truck 
makes it possible to clean this siphon 
grit chamber in a period of 30 min. 
Previously several days of disagreeable 
hand labor were required and during 
this period it was necessary to bypass 
the sewage to the receiving stream. 

At the present time, seven sewage 
lift stations in the outlying areas of the 
Urbana and Champaign Sanitary Dis- 
trict are being constructed. <All of 
these units are being provided with a 
evrit chamber ahead of the wet well and 
with screening facilities which can be 
cleaned by use of the crane. It has also 
been found that this unit can be used 
readily for the removal of dead trees 
from the park area of the plant. Addi- 
tions and repairs to plant underground 
piping facilities and minor repairs 
along the intercepting sewer system are 
also made with its use. Actually, the 
staff at the Sanitary District, if faced 
with a choice, would rather give up al- 
most any other piece of equipment it 
has available than to part with the 
crane. It has paid for itself many 
times in labor costs and has made it 
possible for the operating erew to do 
considerable repair work and to make 
some minor extensions without having 
to call in outside contractors. 

In making repairs to equipment and 
machinery it is undesirable to be in the 
position of constantly having to borrow 
the necessary tools to carry out routine 
operation and maintenance duties. The 
cost of the necessary tools will be more 
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than compensated for by the savings 
which will result from an adequate 
preventive maintenance program. 


Operating Staff 

In plants where those in charge of 
sewage treatment operation also have 
the responsibility for hiring the operat- 
ing staff, it should be possible to secure 
the kind of personnel having the neces- 
sary skills and aptitudes which will fit 
in with the operating scheme of the 
individual plant. The only difficulty 
likely to be encountered is the pay 
seale. By picking personnel with vari- 
ous skills it will be found that many re- 
pairs and plant improvements can be 
made without the need for ealling in 
outside mechanics or contractors. Some 
plants are handicapped, however, by 
having to accept an operating crew rec- 
ommended or employed by administra- 
tive officials. No economy is effected if 
these employees’ only qualifications are 
need of a job or having worked to se- 
cure the election of certain officials. 


Repair Parts 

It should be possible to secure repair 
parts for mechanical equipment (such 
as pumps, gear reducers, and chains) 
within a week from almost any manu- 
facturer supplying equipment. How- 
ever, sometimes this week stretches out 
to a period of three to four months. It 
is difficult to understand why it should 
take this long to secure repair parts for 
a standard piece of equipment. But 
since this does occur, it becomes neces- 
sary for the sewage treatment plant to 
stock certain of these parts. Unless 
this is the operator is often 
obliged to operate a piece of equipment 
beyond a point of economy and ecom- 
plete failure of the equipment may take 
place before a repair part is secured. 
This investment could be eliminated if 
more rapid service were available. 

During the past few years there has 
been a tendency on the part of some 
manufacturers of sewage treatment, 
and other equipment, to require that 
all repair parts be ordered from a job- 
ber who supplies a territory of any- 
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thing from ten counties up to two 
states. This method is likely to result 
in further delay in seeuring parts since, 
more often than not, the district jobber 
dloes not have all of the parts on hand. 
He must then order them from the sup- 
plier and wait to receive the parts be- 
fore they can be shipped to the con- 
sumer. This may double or triple the 
length of time necessary to secure these 
parts and certainly does not reduce the 
cost of repair parts. 

At the time equipment is purchased, 
a parts list is nearly always made avyail- 
able by the manufacturer. This usually 
refers only to the manufacturer’s parts 
list number and does not give direct 
information on bearings, oil seals, 
grease seals, etc., all of which are stand- 
ard stock items at wholesale and retail 
houses. Replacement would be made 
very much simpler if, when the manu- 
facturer’s stock drawings and parts 
lists indicate bearings, reference 
could be made to a bearing manufae- 
turer’s number. If this were to be 
done, the item could probably be 
picked up locally and made available 
for repairs without the necessity for 
tearing down the unit to find out the 
number of the bearing and then wait- 
ing for it to be secured. This is also 
true of grease seals and oil seals. There 
appears to be no reason why the as- 
sembler or manufacturer of the major 
equipment should expect such normal 
maintenance items to be purehased 
through him. 


Landscaping 

Many references have been made in 
literature to the fact that visitors at 
sewage treatment plants ‘‘smell with 
their eyes’? and that beautiful land- 
scaping, shrubbery, and flowers go a 
long way to create a desirable impres- 
sion. The Urbana and Champaign San- 
itary District subscribes to this belief. 
However, the maintenance of a large 
park acreage in connection with the 
sewage treatment plant definitely in- 
creases the over-all cost of sewage treat 
ment. Where such large park areas 
are provided in connection with sewage 


treatment plants, it is believed that this 
cost should not be charged against the 
actual cost of sewage treatment plant 
operation but rather should be con- 
sidered as a separate park maintenance 


cost. 


Planning for New Industries 

Nearly all municipalities are inter- 
ested in securing new industries be- 
cause they provide more labor oppor- 
tunities in the community. Frequenthy, 
however, no consideration is given to 
the important matter of whether or 
not the industry is of a type which pro- 
duces a large volume of waste that is 
difficult to dispose of. In the enthusi- 
asm of securing a new industry, offi- 
cials are prone to agree to take the 
industrial waste through the sewers 
and sewage treatment facilities without 
giving any thought to the difficulties 
which may result and to the increased 
cost of maintaining and operating sew- 
ers and sewage treatment facilities un- 
der these new conditions. Some types 
of industrial wastes can be dumped 
into existing collection systems and 
treated at the existing treatment facil- 
ities without difficulty. But other in- 
dustrial wastes may make new demands 
on the system. 


Conclusions 

In general, an economically operated 
sewage treatment plant will have the 
following characteristics : 

1. It will be well designed, with op- 
erating costs having been given due 
consideration by the design engineer at 
the time of planning. 

2. It will be well equipped with the 
necessary tools and equipment needed 
for efficient performance of operation 
duties, maintenance, and repairs. 

3. It will be manned by a well-quali- 
fied staff working under conditions 
which develop a desire for permanency 
and a determination to produce good 
results 
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TIPS AND QUIPS 


Cleaning Electric Motors * 


Costs of cleaning large electric mo- 
tors have been reduced as much as 75 
per cent through on-site use of non- 
flammable, non-explosive, ‘‘ Freon’’ sol- 
vents In tests conducted by the du Pont 
Company. 

In addition to cost and safety advan- 
tages, these solvents will not attack in- 
sulating materials and varnishes used 
on motor windings. The fact that they 
permit in-place eleaning, rather than 
dismantling of motors for cleaning in 
the shop, reduces equipment down-time 
and makes practical a continuing pro- 
gram of preventive maintenance. 

For example, at one of the du Pont 
plants, an enclosed 600-hp motor was 
cleaned in one day, without disman- 
tling, at solvent cost of about $80. Pre- 
viously, cleaning the same motor cost 
nearly $400, including dismantling for 
shipment to an off-plant cleaning and 
servicing site. 

Procedure for cleaning the motor 
with ‘‘Freon’’ solvent was as follows: 
End bells and coil shields were removed 
from motor to permit access to arma- 
ture coil and stator area. Solvent was 
then sprayed on coating of oil, grease, 
and dirt that had accumulated on coil 
and stator surfaces. Most of the soft- 
ened accumulation was brushed off with 
a small paint brush. 

Final cleaning was accomplished by 
high-velocity power-spraying of solvent 
over coil and stator and removing the 
solvent-dirt mixture from the bottom 
of the motor housing. 

A faster method could be used where 
the housing permits the introduction of 
liquid solvent into a liquid-tight hous- 
ing around the bottom of the motor. 
In this way the motor could be turned 
over in a liquid bath. After draining, 
the motor should be ready for use 
within a few hours. 

For further information write to 


From Power Industry, 75, 1, 6 (1959). 


Publie Relations Department, 8531 Ne- 
mours Bldg., E. I. du Pont de Nemours 
& Co., Ine., Wilmington, Del., Att.: 
Mr. F. R. Zumbro. 


Digester Cleaning 

Digester cleaning in Philadelphia, 
Pa., as in most places, is a particularly 
diffieult task. But at the 1958 Oper- 
ators’ Forum, Ralph A. Hoot, Plant 
Superintendent, had a suggestion that 
should be helpful to the operator faced 
with the job of removing the bottom 
accumulation after pump suction has 
been broken. Mr. Hoot reported that 
when they had arrived at that point in 
cleaning a 110-ft digester in Phila- 
delphia, a mechanic suggested that a 
water-operated ejector be connected to 
the suction side of the pump. This 
solved the problem and now a digester 
can be cleaned and put back in service 
within two weeks. 


Bloodgood Abroad 


Last summer Prof. Don E. Blood- 
vood of Purdue University presented 
the paper, ‘‘Treatment of Industrial 
Wastes in the United States,’’ before 
the Institute of Sewage Purification. 
In the discussion of this paper, Mr. A. 
Holroyd, Manager, Sewage Disposal 
Department, Wolverhampton, England, 
pointed out that since the United 
States covered 3,000,000 square miles 
and the paper was about 6,000 words 
long, one could say that each word 
covered the industrial waste problems 
in 500 square miles. Mr. Holroyd fur 
ther suggested that ‘‘ If the same caleu- 
lation were applied to Britain one 
would need to compress the amount of 
our comparable problems into 150 
words !”’ 

We shall always wonder about what 
Professor Bloodgood would have said 
in a two-word speech in Luxembourg 
and what he would have thought about 
during a period of silence in Monaco. 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


Gordon E. McCallum has been placed 
in charge of the newly created Division of 
Water Pollution Control of the U. 8. Pub- 
lic Health Service. In this position he will 
be directly responsible to the Surgeon Gen- 
eral. In his former post of Chief of Wa- 
ter Supply and Water Pollution Control 
Branch of the Division of Sanitary Engi- 
neering Services, Mr. McCallum has become 
a familiar figure in the sanitary engineering 
field. 

E. Robert Baumann, Professor of Sani- 
tary Engineering at Iowa State College, has 
granted 
Fellowship by the 


been a one-year Science Faculty 
National Sanitation 
Foundation, beginning September 1, 1959. 
He will spend the year pursuing postdoe- 
toral study in biochemistry and bacteriol- 
ogy at an English university. 

Robert T. Steindorf, formerly Manager 


of the Conveyor and Process Equipment 


Division of Chain Belt Company, Mil- 


waukee, Wis., 
Research and Development. 

Lewis S. Finch, Chief Engineer and 
Vice-President of the Indianapolis Water 
Company, and current AWWA President, 
was named “Engineer of the Year” by the 
Indiana Society of Professional Engineers. 
He is a Past Director of the Federation. 

Carl E. Schwob, Chief of the U. S. Pub- 
lic Health Service Division of Water Pollu- 
tion Control from 1945 to 1955, and Special 
Consultant 1955, has retired, for 
health reasons. He received the Federa- 
tion’s Bedell Award in 1955. 

Greeley and Hansen have moved their 
quarters to 14 East Jackson Boulevard, 
Chicago 4, Ill. 

Philip F. Morgan, Professor of Sani- 
tary Engineering at the State University of 
Towa, Iowa City, is also Mayor of 
City. 

Everett M. “Casey” Jones has been 
named Assistant to the Vice-President of 
Rockwell Manufacturing Company’s Mete: 
and Valve Division. 

Nandor Porges, U.S.D.A. microbiologist 


has been made Director of 


since 


lowa 


at the Eastern Utilization Research and De- 
velopment Division, Wynmoor, Pa., died 
recently in New Brunswick, N. J. He was 
a frequent Journal contributor, with dairy 
waste studies his principal interest. 

Samuel Baxter, City Engineer of Phila- 
delphia, was recently named as Philadel- 
phia’s “Engineer of the Year.” He follows 
Francis S. Friel in this honor. 

Jack W. Pratt has been appointed East- 
ern Sales Manager of the Eimeo Corpora- 
tion, with headquarters in Palatine, Ill. 

Jay S. Grumbling has joined the staff of 
Metcalf and Eddy, Boston, Mass., as a 
Research Engineer, where he will work 
with Dr. Clair N. Sawyer, Director of Labo- 
ratories and Research. Mr. Grumbling was 
formerly Associate Editor of Water and 
Works. 

Philip Abrams has joined Engineering 
Science, Ine. of Pasadena, Calif. He re- 
cently was project engineer for James M. 
Montgomery of Pasadena. 

N. A. Sorenson, Superintendent of 
the Neenah-Menasha Sewerage Commission, 
Menasha, Wis., was recently elected Presi- 
dent of the Conference of Wisconsin Sew- 
age Works Operators. 

The Florida Department of Water Re- 
sources has moved from the Capitol to 
State-Owned Building No. 5, at the corner 
of Gaines and Bronough Streets in Talla 
hassee. 

Edward J. Kilcawley, Professor and 
Head of the Division of Soil Mechanies and 
Sanitary Engineering at Rensselaer Poly- 
technie Institute, has been appointed to the 
New York State Air Pollution Control 
Board. 

Walker Process Equipment Inc., 
Aurora, Ill., in the second substantial addi- 
tion within the past five years, recently 
added 13,000 sq ft to their manufacturing 
facilities. 

Robert A. Nanz, President of Florida 
Chemists and Engineers, announces the 
move of the firm to new and enlarged facili 
ties at 645 Rugby Avenue, Orlando, Fla. 
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Editorial 


DEEDS AND DATA 


Three months ago the first model 
of DEEDS AND DATA —the suc- 
cessor to ‘‘ Interesting Extracts’’—was 
launched. Now a new and _ bigger 
model is being displayed on page 743 
of this issue of the Federation Journal. 
Featured in the report are tables which 
summarize 32 years of operating ex- 
perience in 22 sewage treatment plants. 
Compiling these data and presenting 
them in this condensed form has been 
an interesting and rewarding task— 
but a very time-consuming one. Now 
we share with you the fruits of this 
experience in the hope that you will 
find the material interesting and the 
tabular presentation easy and = con- 
venient to use. 

Over the years there has been a most 
vratifying response to requests for sub- 
mission of annual reports to THIs 
JouRNAL. As time went on, however, 
the constant increase in the number of 
wastewater treatment plants, and a 
corresponding increase in the number 
of reports received from these plants, 
made it more and more difficult to find 
space in the Journal for publishing 
each report individually—as was done 
previously in ‘Interesting Extracts.”’ 
Since reporting of all submitted operat- 
ing data has always been the objective 
of the editors, method 
densation had to be found. 

To conserve space and to continue 
to bring Journal readers operating 
experiences of others, highlights from 
operating reports, together with ap- 
propriate tabulations of significant op- 
erating data, will now be found in the 
new section called DEEDS AND 
DATA. This is part of the Federa- 
tion program to focus more attention 
on, and to strengthen the service to, a 


some of con- 
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most important segment of Journal 
readers—the operating group. 

At the present time DEEDS AND 
DATA is scheduled to appear three or 
four times a year. But much depends 
on the supply of raw material. 

In preparing the tabular entries in 
this issue, the conversion of much in- 
formation to the units of expression 
given in Manual of Practice No. 6 has 
been necessary. It is hoped by this 
means to stimulate more widespread 
adoption of the units recommended by 
the Committee on Sewage and Indus- 
trial Wastes Practice and approved by 
the Federation Board of Control. 
Journal abbreviations (THis JOURNAL, 
31, 1, 121; Jan. 1959) have also been 
used and their general adoption is also 
strongly recommended in manuscripts 
as well as reports. It is felt that this 
will save time, reduce chances for er- 
ror, and inerease the understanding 
and knowledge of all. 

In making any change in editorial 
policy, every effort is made to incor- 
porate only changes which will be re- 
garded as improvements by you, the 
reader. The only check we have on the 
soundness of such decisions, however, is 
reader reaction. Your comments and 
suggestions are not only very welcome 

they are genuinely needed! You will 
be making a real contribution if you 
will give DEEDS AND DATA a 
comprehensive reading and then drop 
us a card or a letter expressing your 
reaction. This may well bring about 
further changes in the Journal format 
which other readers will appreciate. 

Is the Federation now receiving your 
Annual Report? If not, may we have 
it for review? 
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Reviews and Abstracts 


Resistance of Organic Materials and 
Cable Structure in Marine Biological 
Attack. By Lioyp R. SNoke. Bell Sys- 
tem Techn. Jour., 36, 1095. 

In order to obtain information in respect 
to the deterioration of submarine telephone 
cables one way of approach presented in 
this paper was to subject the organic ma- 
terials used in these cables to laboratory 
attack under and 
conditions. The attack 
measuring the oxygen 
utilization by the BOD technique and the 
attack by the 
reduction of sulfate to sulfide in the pres- 
these constituents. Ae- 
climatized seed was used in each case. 

In the demand test 
polyethylene was not utilized by the aero- 
bie bacteria or the sulfate re- 
ducing bacteria. Polyvinyl chloride plas- 
ties were attacked according to the way in 
which they are plasticized. All the tested 
samples which had an added external plas- 
rigid plastie, were 
The semi-flexible 
polyvinyl chloride copolymers and_ poly- 


microbiological aerobie 


anaerobic aerobic 
was determined by 
determined 


anaerobic was 


ence otf organie 


biochemical oxygen 


anaerobie 


ticizer, ineluding the 


attached to some degree. 


vinyl chloride resin alone were not utilized 
by bacteria. The elastometers assayed were 
all attacked by bacteria, neoprine being the 
resistant. 


most The epoxide easting resin 


did not serve as a source of carbon for the 
organisms, 


Ht. HIEUKELEKIAN 


Foaming of Liquids Containing Syn- 
thetic Detergents. By G. A. Trves 
DALE, Water Waste Treat. 
(Brit.), 7, 3, 108 (1958). 

The effect of 
tensity of foaming in the presence of de 


and Jour. 


various factors on the in 


tergents was measured by foam height in a 
glass cylinder when supplied with a con 


* Please send to Federation headquarters 
whieh might be suitable for abstracting in THIS JOURNAL. 


stant rate of air. The detergent used was 
a mixture of household detergents (ABS 
type). 

The foam produced by the addition of 
surface-active matter to give concentrations 
of 1.8, 4.5, and 8.0 mg/l in detergent-free 
filter effluent inereased linearly with time. 
With low concentrations of detergent, the 
foam height reached a maximum in a few 
minutes and then broke, while with higher 
maximum height and 
the time required to achieve it increased. 
In comparing the with different 
liquids, it was found that the tendeney to 
foam was greatest in clean water, becoming 


concentrations, the 


foam 


progressively less as the pollution increased, 

Detergent made of the 
liquids before and after the formation of 
The results showed that for a par- 
detergent 
lost from solution in producing foam was 
constant and was independent of the initial 
solution. The weight of 
thus 
proportional to the initial concentration. 


analyses were 
foam. 


ticular liquid the proportion of 


concentration in 


active agent lost from solution was 


A given volume of foam contained approxi- 
mately the same amount of active 
irrespective of the liquid from which foam 


agent 


was produced. 
H. HeuKELEKIAN 


Determination of p-Cresol in Industrial 
Waste Waters. By G. R. TaLLon anp 
R. D. Hepner. Anal. Chem., 30, 1521 
(1958). 

The standard Gibbs t-aminoanti- 
pyrine methods do not measure p-cresol. 
A method is 
is used to couple with interfering 
phenols. The separated by 
steam distillation and is then measured by 
a diazzo colorimetrie procedure. 

R. S. 


and 


described where Gibbs rea- 
gent 


p-eresol is 


INGOLS 


all periodicals, bulletins, special reports, ete., 


Publications of public health de 


partments, stream pollution control agencies, research organizations, and educational institu 
tions are particularly desired. Address such material: Federation of Sewage and Industrial 


Wastes Assns., 4435 Wiseonsin Ave., 


N.W., Washington 16, D. C. 
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SAFETY-ENGINEERED 


‘Wate’ SEWAGE EQUIPMENT 
at new Oxnard, California 
Sewage Plant 


FOR SAFETY’S SAKE, on this recently started 6 
MGD sewage treatment plant built for the City of 
Oxnard, California, contractor Fred J. Early and 
consulting engineers Currie Engineering chose the 
“Varec” Fig. 5800C Pressure Relief and Vacuum 
Breaker with Flame Arrester, and the Fig. 211A 
Back Pressure Check Valve. 


Over the years, “Varec”’ equipment’s record of safety, 
quality and dependability has been established in 
thousands of communities throughout the United 
States and Canada. For maximum protection in the 
control and regulation of volatile sewage gases, be 
sure—specify “Varec”. 

Request Varec Catalog S-3 


The "line 
of safety-engineered 
SEWAGE EQUIPMENT 


+ Pressure Relief 
and Vacuum 
Breaker Valve 


+ Flame Arresters 


+ Flame Trap 
Assembly 


+ Explosion Relief 
Valves 


+ Waste Gas Burners 
+ Flame Checks 


* Pressure Relief 
and Flame Trap 
Assembly 


+ Pressure Reducing 
Regulator 


+ Check Valves 

+ Drip Traps 

+ Sediment Traps 
+ Manometers 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 North Alameda Street, Compton, California 


Cable Address Varec Compton California (U.S.A.) All Codes 


Available from authorized Sewage Equipment agents 
throughout U.S. and Canada 


2 
Photos courtesy Dorr-Oliver 
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Proceedings of Member Associations 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 3lst Annual 
New York Sewage 
Wastes Association was held at the 
Park Sheraton Hotel, New York, 
N. Y.; Jan. 22-23, 1959. The regis- 
tration was 300. 

The technical program was well 
balanced and covered many subjects 
of current interest. Among the pa- 
pers presented were: 


Meeting of the 
and Industrial 


‘Effects of High pH on Trickling 
Filter Performance,’ by C. Richard 
Walter, Engineer, Hazen and Sawyer, 
New York, N. Y. 

‘Biological Treatment of Industrial 
Wastes,’’ by Theodore L. Moore and 
J. T. Turcotte, Jr., Gibbs and Hill, 


Ine., New York, N. Y. 

‘*‘An Investigation of the Mecha- 
nisms of Controlled Filtration,’’ by 
William E. Ingram, New York Uni- 
versity, New York, N. Y. 

‘‘Contemporary Approach to Sani- 
tary Engineering Education,’’ by Nel- 
Nemerow, Syracuse University, 
Syracuse, N. Y. 

‘Interior Sewer Photography,’’ by 
William Ulrich, Sub-Surface Photo 
Company, Venice, Calif. 

‘Continuous Automatic Quantita- 
tive Sewage and Waste Analyses,’’ by 
Andres Ferrari, Technicon Company, 
Chauneey, N. Y. 

‘*Methodology of Free Organie Cya- 
nides in Effluents and Chlorination 
Practices,’’ by Alan H. Molof, Lederle 


son 


(Continued on page 246a) 


wi clo INCREDIBLE Torque-Flow Pump 


pumps almost everything 


(what will go in will come out) 


(chances are it will work profitably for you) 


’ Western Machinery Company 650 Fifth Street + San Francisco, Calif. 
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FAST SERVICE! 
FAST INSTALLATION! 


AMERICAN Faslile™ 
CAST IRON PIPE 


From its plant location in the heart of the in- iron pipe joint with only one component —a 
dustrial South, as well as from strategically double-sealing, dual-hardness rubber gasket 
located stocks, the American Cast Iron Pipe Readily available in all standard sizes, 2” 
Company ships pipe fast! through 48” diameters, with 6” through 20° 


More and more, municipalities, contrac- pipe available in 20-foot lengths, American 


tors, engineers and utility superintendents ‘astite Joint cast iron pipe offers maximum 

are discovering that American's fast service, economies for all liquid services 

plus the speed and ease of installation of Call your American Cast Iron Pipe Com- 

American Fastite Joint* pipe, is a combina- any representative now. Find out how quick- 

tion that’s hard to beat. y he can deliver your order for American 
American Fastite Joint is the newest cast Fastite Joint cast iron pipe 


SALES OFFICES 

New York City + Dallas 

Chicago + Kansas City 

San Francisco + Denver 

Pittsburgh + Orlando 

CAST IRON PIPE CO. 
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Laboratories, Pearl River, N. Y. 
‘‘Sludge Drying and Incineration,”’ 

Panel Discussion. 

Milk Waste Treat- 
in New York State,’ 
Ingram and Gerald 

York University, New 


‘*Evaluation of 
ment Processes 
by Wilham T. 
Palevsky, New 
York, N. Y 


The featured speaker at luncheon 
was Dr, Stephen B. Sweeney, Director 
of Institute of Local and State Gov- 
ernment, University of Pennsylvania, 
Philadelphia, Pa. 

Greetings from the Federation were 
conveyed by Federation President 
William D. Hatfield. The Bedell 
Award for outstanding service to the 
Association Uhl T. Mann, 
Superintendent, Treatment 


went to 
Sewage 


Plant, Onondaga, N. Y., Public Works 
The Hatfield Award for 
meritorious treatment plant operation 
was presented to John O. Laird, As- 


Commission. 


COPPER SULFATE safely controls 
about 90% of microorganism nor- 
mally encountered in water treat- effectively 
ment plants efficiently and more 
economically than any other 
chemical. 


TENNESSEE CORPORATION 


INDUSTRIAL WASTES 


sistant Superintendent, Brighton 

Sewer District No. 2, Rochester, N. Y. 
The new officers for the year 1958- 

59 are: 

President: S. W. 
York. 

Vice-President: C. J. Bernhardt, Ham- 
burg. 

FSIWA Director (1962): G. 
White Plains. 
Secretary: R. C. 

Plains. 


Steffensen, New 


A. Fleet, 


White 


Sweeney, 


Treasurer: D. B. Stevens, Albany. 
R. C. SWEENEY, 
Secretary 


THE INSTITUTE OF SEWAGE 
PURIFICATION 


The Annual 
stitute of 


In- 
Was 


the 
Purification 


Conference of 
Sewage 


(Continued on page 248a) 


FERRI-FLOC produces rapid Floc 
Formation — Controls Taste and 
Odors — Coagulates Over Wide 
pH Range—Increases Filter Runs — 
Removes Turbidity, Color, Manga- 
nese, Silical and Bacteria .. . Ferri- 
Floc is a free flowing granular 
salt that can be fed through most 
standard dry feed equipment... 
Ferri-Floc is easy to handle and 
will keep for long periods of time 
in closed hoppers. 


WATER TREATMENT 

Efficient Coagulation of Surface or 
Well Water — Effective in lime soda- 
ash softening — Adaptable in treat- 
ment of all industrial applications. 


SEWAGE TREATMENT 
Coagulates over wide pH ranges 
and provides efficient operation re- 
gardless of rapid variations of raw 
sewage — Very effective for condi- 
tioning sludge prior to vacuum fil- 
tration or drying on beds. 


SULFUR DIOXIDE is used most 


dechlorination in 


water treatment and to remove ob- 
jectionable odors remaining after r 
purification. 


FREE BOOKLET — Let us send you 

| free a 38 page booklet that deals 

| specifically with all phases of 
coagulation. 
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BEST IN ASBESTOS 


ASBESTOS-CEMENT SEWER PIPE 


permanently, automatically root-tight 


Sewer pipe maintenance headaches dis- 
appear with “K&M” Asbestos-Cement 
Sewer Pipe. 


Flow-stopping, pipe-clogging roots can’t 
penetrate the exclusive patented “K&M” 
FLUID-TITE coupling. In repeated 
tests, “K&M” Asbestos-Cement Sewer 
Pipe successfully resisted infiltration 
even when external water pressure was 
25 psi, the equivalent of a 58-foot head. 


Service remains continuous and unin- 
terrupted . . . with fewer inspections 
and periodic cleanings and reduced 
treatment loads and costs. “K&M” Sewer 
Pipe does not corrode and is immune 
to electrolysis. 


In fact, “K&M” Asbestos-Cement Sewer 
Pipe is a tax-saver in planning, instal- 
lation, transportation, and handling. 


Exclusive FLUID-TITE Coupling joins lengths of 
various crushing strengths and sizes. Assemble 
it in any weather—without the aid of heavy 
It's water-tight and root-tight. 


machinery 


5 CRUSHING STRENGTHS OF K & M SEWER PIPE 


Size Class Class Class Class Ctass 
inches 1800 2400 3300 4000 5000 
6 1500 2400 3300 
8 1500 2400 3300 
10 1500 2400 3300 4000 6000 
12 1500 2400 3300 4000 5000 
“4 1500 2400 3300 4000 5000 
6 1500 2400 3300 4000 5000 


In short, practically indestructible ma- 
terials plus eighty-five years of asbestos 
engineering give you the finest, most 
dependable sewer pipe available. Write 
today fer more information. 


KEASBEY & MATTISON 


COMPANY * AMBLER ¢ PENNSYLVANIA 
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Manufacturers Since 1885——— 


Visit a City near yours— 
See the Gruendler Sewage 
Shredder in operation 


Ask your Consulting Engineer 
about the Gruendler System. 


Gruendler multiple unit installation 


(in connection with bar screens 
The patented features of the Gruendler Sewage Shred- 
der overcome choke down and other difficult problems in 
sewage disposal. Lea/es, sticks, rags, debris and other 
matter are quickly reduced to assure an even and con- 
tinuous flow through system. Earlier installations are 
still functioning after 13 years of service. 


Write to Dept 


GRUENDLER CRUSHER 
and PULVERIZER CO. 


2915 N. Market St., St. Louis 6, Mo. 


SIW-659 for catalog 


SEWAGE AND INDUSTRIAL WASTES 


held at Southport, Lancashire (Great 
Britain), June 23-27, 1958. 

The technical program covered the 
fields of sewage and industrial wastes 
treatment and stream pollution. 

Among the papers presented were: 


‘Treatment of Industrial Wastes in 
the United States,’’ ‘‘The Recireula- 
tion Principle in Filtration of Settled 
‘*Present-Day Problems in 
** Effluent Disposal: Ex- 


Sewage, 


Composting, 


| periment and Prediction,’’ and ‘‘ Opera- 


tion of Thermal Power Stations in Re- 
lation to Streams.’’ 

The following officers were elected 
for the year 1958-59: 
President: W. H. Hillier. 
Vice-President: B. A. Southgate. 
Joint Secretary: W. F. A. Snook. 
Treasurer: Li. B. Phillipps. 

W. F. A. Snook, 
Seerctary 


PROFESSIONAL 
OPPORTUNITY 


The Department of Sanitary Engi- 
neering of the District of Columbia 
is accepting applications for the posi- 


tions of Sewage Treatment Plant 
Shift Superintendents. 
Desired qualifications include col- 


lege degree in sanitary or civil engi- 


neering and previous experience in 
sewage treatment plant operation. 


The starting salaries for these posi- 
tions are $4,490 to $7,510, depending 
on experience. 

This is a Civil Service position as 
a Shift Superintendent in a high-rate 
activated sludge treatment plant of a 
design capacity of 290 mgd. Benefits 
inelude paid annual leave and sick 
leave, group insurance, retirement and 
other employee benefits. 

Those interested may send a com- 
plete summary of education, experi- 
ence and personal data to Mr. Hugh 
A. Schreiber, Superintendent, D. C. 
Sewage Treatment Plant, 5000 Over- 
look Avenue, S. W., Washington 24, 
D. C. 


WANTED 


SUPERINTENDENT 
OF PRIMARY TREATMENT 
PLANT 


Experienced Sewage Treatment 
Plant Superintendent for Digest- 
Vacuum Filters and Incinera- 

Population—175,000 
28 MGD. State 
experience, education. Must 


1959. State 


ers, 
tor. aver- 


age flow age, 
be 
available by June 1, 
minimum starting salary accept- 
able. 
REPLY: 
W. G. CUNNINGHAM 


Director, Department of Streets 
and Public Improvement 


Room 403 City Hall 
Harrisburg, Pennsylvania 
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From the largest interceptors 


to the smallest laterals .. . 


concrete pipe provide maximum strength 


Throughout the country thousands of 
miles of concrete pipe sewers—some 
built as long ago as 1842—demonstrate 
concrete’s outstanding strength and du- 
rability. Strong right from the start, con- 
crete actually grows stronger with age! 
Concrete pipe can be accurately de- 
signed for any depth of backfill and sur- 
face loads. With modern manufacturing 
methods, a life expectancy of 100 years 
is reasonable for today’s concrete pipe. 
And concrete pipe never warp out of 
shape. This allows uniform space for 
jointing materials, assures tight joints 
that prevent root penetration and keep 


PORTLAND CEMENT ASSOCIATION 
Dept. A6-76, 33 West Grand Ave., Chicago 10, Illinois 
A national organization to improve and extend the uses of concrete 


infiltration to a minimum. Smooth, hard 
interior walls resist abrasive wear, give 
high hydraulic capacity. 

Readily available, concrete sewer 
pipe is most economical. It can be made 
with local labor at or near the job site 
from materials produced nearby. All 
good reasons why more municipalities 
are building more miles of concrete pipe- 
lines every year. Write for free litera- 
ture, “Concrete Sewer Pipe for Economy 
and Service.’’ Distributed only in the 
United States and Canada. 


FOR ALL MODERN 
PIPELINES 


concrete 
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2502 SEWAGE 


Nagle PUMP 


handles grit for 


many years at 

DES MOINES, IOWA, 

SEWAGE TREATMENT 
PLANT 


AND INDUSTRIAL WASTES 


A Nagle 4” type “T” pump has been plants because they are specifically de- 


performing with a high order of satis- 
faction for many years handling grit at 
the Des Moines Sewage Treatment 
Plant. The pump it replaced “lasted 
quick.” Nagle Pumps are cutting costs 
at many sewage and waste treatment 


signed for abusive conditions—applica- 
tions involving abrasive slurries, corro- 
sive liquids, hot solutions or a combina- 
tion of these. Horizontal and vertical 
shaft types. 


Send for 

NAGLE 

PUMP 
SELECTOR 


cra PUMPS, INC. 
1210 CENTER AVE., CHICAGO HEIGHTS, ILL. 


PUMPS FOR ABRASIVE AND CORROSIVE APPLICATIONS 


SLIDE 
GATES 
by 


FILTRATION * 


These slide gates are fabricated of “Chemstone E”. 

This is an asbestos-cement sheet with an acid re- 

sistance impregnation which is moulded at high 
pressure. Surfaces are sanded to a smooth finish. 


SEND FOR 


FREE 
LITERATURE 
and 
Specifications 


We consider this material more suitable than metals 
since it is relatively light in weight, corrosion resist- 
ant, acid resistant, does not require painting, and 
has a lower frictional coefficient than most metals 
after a period of use. This enables gates to be more 
readily removed. 


* FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK ST. ROCHESTER, N. Y. 
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Equipment and Supply Lines 


Aspirator—A new corrosion-free, 
polyethylene aspirator is being mar- 
keted by Fisher Scientific Co., Fisher 
Building, Pittsburgh 19, Pa. 

Plastic Fittings — Molded plastic 
fittings with grooved ends, for quick- 
jointing plastic pipe with Victaulic 
mechanical couplings, are now avail- 
able. The fittings come in sizes from 
1144 to & in. Plastic fittings for con- 
nections to flanged pipe also are avail- 
able from the Victaulie Company of 
America, Box 509, Elizabeth, N. J. 

Clarifier—A new clarifier is avail- 
able which is designed to provide con- 
tinuous, immediate removal of acti- 
vated sludge. In operation, freshly 
settled sludge is guided to uptake pipes 
by means of deflector blades attached 
to the rake arms. Sludge drawn up 
the pipes by hydrostatic pressure flows 
through radial troughs to the collee- 
tion basin.— Bulletin 6193, Dorr-Oliver, 
Inc., Stamford, Conn. 

Concrete Bonding—An ‘‘alloy’’ of 
epoxy- and nylon-type synthetic resins 
is claimed to form a permanent joint 
between fresh wet concrete and cured 
concrete. The joint is said to be many 
times stronger than fully hardened 
conerete. The bonding material is 
called ‘‘Uniweld’’ and is manufae- 
tured by the Permagile Corporation of 
America, Woodside, N. Y. 

Trickling Filter Media—A 32-page 
bulletin describes the physical proper- 
ties, assembly instructions, and opera- 
tional characteristics of Dowpac, the 
plastic packing material for trickling 
filters manufactured by the Dow 
Chemical Company, Midland, Mich. 

Tool Compartments — Welded-steel 
tool compartments for universal 
mounting on any pickup or flat-bed 
truck are being sold by the Utility 
Body Company, 1530 Wood St., Oak- 
land 7, Calif. 

Rubber Pipe——-The General Rubber 
Corp., Tenafly, N. J., has developed a 
special abrasion- and corrosion-resist- 


ant rubber compound, Tuflex, which 
is claimed to have given excellent re- 
sults in systems handling abrasive and 
corrosive liquids, slurries, suspensions, 
and solids. Pipe and fittings are 
available in standard sizes from ¥, to 
72 in. ID with either duck and rubber 
or duck and neoprene integral full- 
faced flanges. 

Heat Recovery Snubber—-Standard, 
two-chamber snubbers, that are said to 
recover up to 1,500 Btu/bhp/hr with 
a circulating water pump in the sys- 
tem, are described in Bulletin 272. 
Models are available for vertical or hori- 
zontal mounting. — Burgess-Manning 
Company, Libertyville, I. 

Diaphragm Pump—A new adjust- 
able-stroke diaphragm pump is now 
available in sizes from a 1 in. simplex 
to 10 in. duplex. For additional in- 
formation ask for Bulletin P8-B12, 
Denver Equipment Company, P. 0. 
sox 5268, Denver 17, Colo. 

Cleaner—A new, heavy-duty, safety 
cleaner and degreaser is furnished in 
high concentration to be diluted with 
water to clean everything from con- 
veyors to washrooms. The cleaner is 
non-flammable, non-toxic, and harmless 
to hands. Spray application is reeom- 
mended. Information on uses and dilu- 
tion suggestions for Harco Safety Spray 
are available from the Hareo Chemical 
Co., Cranford, N. J. 

Glass-Marking Stylus—<A titanium 
marking stylus in an anodized alumi- 
num holder is now on the market. 
The stylus permits chemical and heat- 
resistant marking on glass, quartz, 
and ceramic surfaces. The layer of 
titanium deposited does not penetrate 
nor weaken the surface. The titanium 
marks may be removed by brief im 
mersion in hot hydrochloric acid. The 
stylus, called the Glaseriber, is manu- 
factured by the Oxford Laboratories, 
111 Suter St., San Francisco, Calif., 
and is available from laboratory-sup- 
ply houses for $2.95, 
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DIRECTORY OF ENGINEERS 


(Continued through page 259%a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Yams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


ANDERS@N-NICHOLS 


Clompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highws ays and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers — Airport Design —Sewage Disposal 
Systems— Water Works Design and Operation —Surreys 
and Maps—City Planning—Highway Dengn—Construc- 
tion Surveye—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 166 Crystal Lake, Illinois 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


Ambherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 
G. 8. Bett G. GaITHER 
. Finney, Jr. 
Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


J. K. Larnam 


BETZ LABORATORIES, INC. 


Consulting Engineers 
Industrial Waste 
Industrial Water 
Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa 


BIOLOGICAL CONSULTANTS 
D. J. Reish 3. L. Barnard G. F. Jones 
Marine and Freshwater Biological Suroeys 


Pollution Studies—effecte of sewage and 
industrial wastee—outfall monitoring, 
Marine fouling and wood borer studies, 
and toxicity tests, 
. General graphy. 


Rd., Los Angeles 42, California 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


Sewage - Water - Electricity - Industry 


BLACK & VEATCH 


Consulting Engineers 


Reports, Design, Supervision 
of Construction, Investigations, 


Valuation and Rates 


1500 Meadow Lake Parkway 


Kansas City 14, Mo. 


BOGERT AND CHILDS 
Censalting Engineers 
Cuinton L. Bocert FreEp 8. CHILDS 
Ivan L. BoGERT DoNALD M. DITMARS 
Ropert A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 


Water & Sewage Works 
Drainage 
Highways and Bridges 


Refuse Disposal 
Flood Control 
Airfields 


Street, New York 16, N. Y¥. 


145 East 32nd 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewage and Water Works—lIndustrial 
Wastes—Refuse Disposal—Municipal 
Projecte—Industrial Buildings—Reports— 

ns—Specifications—Supervision of 


75 West Street 


Construction and Operation— 


Valuations—Laboratory Service 


New York 6, N. Y. 


BOYLE ENGINEERING 
Consulting Engineers 
Water — Sewers — Streets 
Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


in the... 
Sewage and Industrial Wastes 


the 
ield! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Water and Sewage Works 


Industrial Waste Control and Treatment 


Laboratory Services 


FLOYD G. BROWNE AND ASSOCIATES 
F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervision, Investigations, 
boratory 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 


Specializing in Sewerage and Sewage Disposal, 


Consulting Engineers 


Water Supply and Water Purification, 


Ch 


Valuations and Reports 


land Biol 


112 East 19th Street 


| Laboratories 
New York 3, N. ¥. 


Your firm should be 
listed here 


. .. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 


Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. 


Fifth Ave. 


Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL 
Engineers - Architects - Consultants 


4600 E. 63rd St. Trafficway 


Kansas City 41, Missouri 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
‘lood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


Damon & Foster 


Consulting Ctotl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


Sanitary and 

ROY B. EVERSON Byarautie 

gineer 

Sewage and industrial wastes treatment, city 

water purification, and complete swimming pool 
systems—Filtration Experience since 1900 

Valuations—Reports— Research— Development 
207 W. Huron St., Chicago 10, Ill. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 


ENGINEERS 


Sewage Treatment—Sewerage and Drainage Systems 


Water Supply and Distribution—Incinerators 
Airports——Bridges—Express Highways—Port and 
Terminal Works—Industrial Buildings 


BOSTON 8, MASSACHUSETTS 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT 


Carveton 8. Finkserner CnHarves E. Perris 
K. Strout 


Consulting Engineers 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 


FREESE, NICHOLS, TURNER & COLLIE 
HOUSTON, TEXAS 


Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High- 
ways and Structures—-Dams—Drainage 
Works— Airports——Investigations— Valua- 
tion—-Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking- Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Iilinois 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


Take advantage of the services of these outstanding consultants! 
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HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution 


123 S. Broad St. Philadelphia 9, Pa. 


DIRECTORY OF 
ENGINEERS 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


HAVENS AND EMERSON 
A. A. Burger H 
S. Palocsay 


Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 


Avrrep W. Sawyer 
. E. Hupson, Jr. 


Ricaarp Hazen 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 3333 Book Bullding 
New York 17, N. Y¥. Detroit 26, Mich. 


HENNINGSON, DuRHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Boss V. C. LiscHer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


WILLIAM T. INGRAM 
Consulting Engineer 


Sanitary and Public Health Engineering 
Planning—Design—Research—Water 
Sewage—Refuse—Industrial Wastes 

Air Pollution Control—Industrial Health 


20 Point Crescent, Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 


Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


JONES, HENRY & WILLIAMS 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. Mor. 

STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pitteburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 

Water, Sewage, Drainage, and Industrial Wastes 
Reports, Designs, Supervision 
Of Construction and Operation 

Chemical & Biological Laboratory 
1100 South Broad St. Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 

Engineers 

Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 

Laboratory Valuations 

Airports 

Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural 


165 Broadway 


Power — Transportation 


New York 6, N.Y. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, III 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 


Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N.C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcoim Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 3%, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Louis C. McCase, Pres. 


1246 Taylor St., N.W. Washington 11, D. C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 BE. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Howe 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


RUSSELL AND AXON 
Consulting Engineers 
Civi] —- Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 
‘onstruction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions - Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


SMITH and GILLESPIE 


of 
Pu lic Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Illinois 


1154 Hanna 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage—Waste Disposal 
Bridges — Highways—lIndustrial Buildings 
Studies—Surveys—Reports 


245 N. High St. Columbus 15, Ohio 


J. STEPHEN WATKINS 
J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 
Sranch Office 


4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 


Industrial Wastes 
Stream Pollution—Air Pollution 
jater—Sewage 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — E-valua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 


Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 
Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


FSIWA PUBLICATIONS 


MANUALS OF SEWAGE AND INDUS- 
TRIAL WASTES PRACTICE 


Manual Price to Price to 
Number Title Members* Non-Members* 


1 Safety in Wastewater Works.... . $0.75 $1.50 
Utilization of Sewage Sludge as Fertilizer. 0.75 1.25 


2 
3 Municipal Sewer Ordinances (Revised)... + 
4 


Chlorination of Sewage and Industrial 
Wastes 
Air Diffusion in Sewage Works..... 


Units of Expression for Wastes and Waste 
Treatment 


Sewer Maintenance.... 
Multiple wire binder for above manuals... 
Sewage Treatment Plant Design... 


Design and Construction of saeeisted and 
Storm Sewers. 


Uniform slide of Accounts for Sewer 
Utilities (revised) ................ 


OTHER FEDERATION PUBLICATIONS 


INDEX, SEWAGE WORKS JOURNAL, Volumes 1-20, 1928-1948 
(Subject, Author, and Geographic), buckram, $4.50. 


INDEX, SEWAGE AND INDUSTRIAL WASTES, Volumes 21 30, 
1949-1958 (Subject, Author, and Geographic).} 


GLOSSARY—-WATER AND SEWAGE CONTROL ENGINEERING, 
paper cover, $1.00. 


* Discount of 15% on orders for 12 or more copies of any one manual. 
+ Available in 1959. Write for prices 


Order manuals by number. When remittance accompanies order, 
postage is prepaid. If an invoice is necessary, postage will be added. 
Checks may be made payable to FSIWA. 


FEDERATION OF SEWAGE AND INDUSTRIAL WASTES ASSOCIATIONS 
4435 WISCONSIN AVENUE N.W. WASHINGTON 16, D. C. 
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CITY MANAGER 
COMMISSIONER SUPERINTENDENT 


A five minute demonstration convinced them... 


the TRUCK-LODER revolutionizes sewer cleaning 


ONLY THE TRUCK-LODER: 

* Brings deposit from street to truck direct! 

* Eliminates dumping unsanitary sewer filth on street! 
* Frees one man from bucket dumping and shoveling! 


PATENTED 


~ 


FLEXIBLE Inc. 


1005 SPENCERVILLE ROAD, LIMA, OHIO 415 SOUTH ZANGS BLVD., DALLAS, TEXAS 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
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LOCK JOINT ROLLER SUSPENSION PIPE with the 
FLEXIBLE JOINT RUBBER GASKET is the ideal 
answer to installations requiring highest quality 
sewer or culvert pipe and maximum protection 
against ground water infiltration. 


This pipe, produced in diameters from 12” to 72” 
and in standard lengths of eight feet is manu- 
factured by an unique process which develops 
unusually strong, dense concrete, highly resistant 
to abrasion. Its joint ends, of almost machined 
accuracy, are particularly adaptable to the Lock 
Joint Flexible Joint Rubber Gasket. 


This gasket gives effective relief from infiltration 
into the pipeline and permits the joint to be opened 
up to 34” without endangering its tightness. This 
feature alone adds considerably to the ease and 
speed with which the line can be installed. 


East Orange, New Jersey 


The ‘‘Flexible Joint’ gasket permits ample deflec- 
tion to accommodate normal ground settlement. 


Lock Joint also produces conventional machine 
made and cast concrete sewer and culvert pipe 
ranging from 6” to 120” and upward in diameter. 
All Lock Joint Pipe may be designed to comply with 
A.S.T.M., state highway or individual specifications. 


JOINT PIPE CO. 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 

New Haven, Connecticut 
Ok hh 


Valley Park, Missouri 
N. Kansas City, Missouri 
Tulsa, Oklahoma 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 


Beloit, Wisconsin 
Chicago, Illinois 
Rock Island, Illinois 


City, Oklch 
Wichita, Kansas 
Denver, Colorado 


Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plonts at Buffalo, N. Y. and Henrietta, N. Y. 


LANCASTER PRESS, INC., LANCASTER, PA 
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A booklet, “The V-notch Story” 
will tell you about all the W&T V-notch 


Chlorinator features. For your copy 
write Dept. S-129.8%. 


WALLACE & TIERNAN INCORPORATED 


Why? 


Because a V-notch Chlorinator needs no auxiliary water suppl) 


You can plan on clean, dry chlorinator rooms with no 
messy drain—no chlorine gassing back. And best of all... 
gone forever is the high cost of wasted auxiliary water. 


And, of course, the right plastics make the whole 
chlorinator chlorine-proof. 


Yet these are just added benefits to the main job: 
Simple, dependable, wide range chlorine control. The kind 
of control you get only with a W&T V-notch Chlorinator. 


2S MAIN STREET, BELLEVILLE 9, NEW JERSEY 
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